NOTiCF;  Ulf'hen  iJi'vernmcnt  or  other  drAwingt,  specificatUinii  or 
other  data  are  used  io'.  any  purpose  other  than  in  connection  vn 
«  ucfiihirlv  re'ait’ii  Governrre^'f  procuremertt  operation,  the  U  S 
vjov  t  rntiient  ttuTeoy  ifiCifrs  no  responsibility ,  nor  any  obligation 
wki lirti*oev*»r :  ,»f>d  the  fact  that  the  Government  may  have  tormuia 
lurtitshej,  or  tn  any  way  jupplied  the  said  drawings,  speeification 
or  other  data  ’»  nor  to  be  regarded  by  implication  or  otherwise 
tn  .iny  manner  licensing  the  holder  or  any  other  person  or  corp* 
tsoii.  or  conveying  any  rights  or  permission  to  manufacture,  use  o 
f.?ll  any  patented  invention  that  may  in  any  way  be  related  ther 
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OTKcalutiaQ*  p.lBiuilr«  tha  opcratlcau  of  lar^c  ntasbera  of  iilgU-petforaanc* 
aircraft  arc  faced  vltij  •  l>«vlld*rlaff  slctura  uf  riirylng  nvanber*  of  aircraft, 
rmtaa,  aircraft  typaa,  and  taalui.  A  “detailed  calculation"  approach  to 
de^elopaant  of  a  plan  of  '-■pcr-etloo  la  *00  tire  conavnlng  and  lltalta  the  Qunsber 
of  altematlTea  ahlch  can  be  dereloped,  while  a  ■  rvmi  apT>rt!XlJsatic:r." 

approach  doac  oot  achirea  efficient  fleet  uae. 

nUi  raaearch  3«*.orandu=  conalJere  the  Flight  (peratlcms  Pleiiner  (FLIOP),  a 
digital  ooBputaf  prtifraB  de-ii^Oi^  to  reduce  BlgrUfleantl;’  the  aewunt  of  tine 
and  effort  In  t.c.lculatlfl^  detailed  flight  pla-^  for  Indlvldtial  alrctaft.  Sy 
ualos  niOT,  a  plaaoiog  crganlaatlcsi  can  Urraetlgate  a  vide  vnriaty  of  poaalble 
oparatlocw  tetthout  deTTTtln^  an  erceaelTa  aaouct  of  hiBiar  .Imo  and  effort  to 
detallA.  Itt  utt  peralta  th:  ha;«u:  places;  tw  cortcoal;  :;te  ftiotb  o'i  the  ganeral 
ohlfrctlT^fl  e*Ml  resillt  is 

feasible.  rVIOP  can  aiao  t"  used  trith  any  ccraputer  T.rogrens  to  aoltro  certain 
vf  the  rerc  ■  r-^rch-.-.s!  re  rlBslcT!  pr'blrr.a. 

!!)•  study  la  Id  two  parte,  fai-t  1,  Which  describes  generally  the  problaiui 
lavolred  la  planning  the  opc.-avloos  of  large  Dwbers  of  hlgh-performaace  air* 
craft  nd  the  role  of  njop,  is  for  the  general  reader.  Part  II,  which  gives 
a  iaohoical  dsscriptlon  c.f  U»s  t*<'4utlqus,  is  for  those  i4k>  plat,  to  me  the 
rowtine.  Although  the  B-l)7  and  XC-97  aircraft,  are  used  for  lUustratire 
purpoaee,  the  technlijues  described  are  equally  applicable  tc  the  vurioua  aiodels 
of  tha  B-S?,  B-66,  n:-135,  KB-JO,  r-ioa.,  C-130,  and  C-x33,  end 

can  be  applied  tc  any  fixed  wing  lype  aircraft. 
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Thli  pap«r  is  In  two  p^rts.  P«rt  On*  la  a  general  description  of  th* 
problos  involved  in  pliruiltig  th*  operation  of  laro*  numbera  of  lon«-r*ng# 
aircraft  and  a  brief  description  of  tht  particular  part  of  the  problea 
which  la  addressed  by  the  Fllgnc.  Operations  Pli  nner  (FLIOP;.  This  Part 
it  designed  to  be  of  Interest  to  ths  Ker»ral  reader.  Part  Two  is«  in  It* 
aialn  bodyj  a  somewhat  nors  technical  dsacrlption  of  ths  tschnlqus.  It  la 
believed  that  Fart  Two  will  be  of  Interest  to  those  people  who  might  con- 
alder  uaing  or  preparing  to  use  th*  routine  herw  described,  Tn*  appendices 
should  be  of  interest  to  FLIOP  user*. 

Although  ths  B-47  and  KC-97  aircrafts  are  ussd  In  ths  subsequent 
part*  of  this  paper  for  llluatretiv*  purpcjss,  th*  technique#  d#*crir>ed 
have  proved  to  be  squally  applicable  to  the  various  models  of  ths  B-52, 
B-«6,  KC-135,  'B-50,  F-101,  C-L24,  C-13C,  C-lj3  end  car.  be  applied 
to  any  fixed  wing  type  aircraft. 
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FART  ONE 

J.  A  GENERAL  DESCRIPTION  OF  THF  PROFI-EM  OF  PLANNING  AIRCRAFT  OPERATIONS 
Org4niiations  planning  the  operation#  of  large  numbers  of  high 
perforiWiCe  aircraft  find  themselves  presented  with  two  basic  but 
aisoclated  difficulties!  r'^rst,  the  available  numbers  of  aircraft* 
routes*  aircraft  types*  and  tasks  can  ail  be  so  variable  as  to  present  a 
rather  bewildering  picture.  Developing  a  detailed  plan  of  operations  for 
t  lATge  fleet  of  various  aircraft  types  consumes  much  more  time  than  used 
in  either  the  ph3^Blcal  prejiai'atlon  of  the  aircraft  and  crews  or  tlie  actual 
execution  of  the  planned  operation.  This  requirement  for  a  lengthy 
planning  period  can  become  a  very  real  limitation  on  the  operations  of 
such  organiiatlons .  Second*  the  plan  ol  operation  Trust  either  be 

in  detail  so  that  its  feasibility  and  adequacy  is  assured  or 
alae  be  developed  by  using  such  conservative  aircraft  performance 
parameters  that  tne  operation  is  unquestionably  feasible.  Neither 
alternative  la  particularly  attractive;  the  "detulled  calculation” 
approach  because  it  is  too  time  consuming  and  llrdts  the  number  of 
alternatives  which  can  be  developed;  the  "consen'ative  approximation" 
aiproach  becaT  se  it  does  not  achieve  a  high  degree  of  efficient  fleet 
utilltatlon. 


II.  THE  DESIGNED  ROLE  OF  THE  FLIGHT  OFKRATIOriS  FUNKF.R 

The  Flight  Operations  Planner  (FLIOP)  is  a  digital  computer  program 


the  calculation  of  detailed  flight  plans  for  individual  aircraft.  By 
using  PLIOP*  a  plannlivg  organization  can  Investigate  a  wi'le  variety  of 
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poBulbl*  o)f«r»tlcns  without  'J^votlru;  »n  lnor41n«te  t-nouiit  of  !ium*n  tluw* 

»nd  tttorl  to  details.  Its  use  con  perndt  the  human  planner  to  concen¬ 
trate  nore  of  hie  attention  on  the  general  objectives  under  con lideratlon. 
still  retaining  the  assurance  that  the  final  result  is  feasibls  in  all  the 
detailed  considered. 

III.  FACTOhS  TO  CONSIDER  IN  THE  USE  OF  FLIOF 

The  Flight  Operations  Planner  is  dssianed  to  assiit  the  human  plai^nur 
by  rapidly  calculatini;  the  detailed  plans  of  ofieritlons  r,r  Individual 
aircraft.  It  Is  not  designed  to  "optinlie"  anytniru;  (ejceil  In  !  e  ■."nse 
th.  *.  it  iljiniflcantly  reduces  time  used  in  calculation)  unless  the  human 
planner  asks  for  certain  optisii aations . 

To  use  FLICPi  an  orranlzstinn  must  hsve  .•< -.venlrr.’  s--»*s  in  a 
eomputln);  facility  and  must  have  pereonnel  who  are  (or  s^y  become) 
Imowledyiable  in  both  the  planning  of  aircraft  operations  and  dl*ltal 
computer  applications,  “any  of  the  paraw  ters  used  in  FilOP  must  be 
developed  by  the  urlny  orrantsation  es  they  are  deperwient  on  and  reflect 
organisational  planning  factors  and  policies,  is  with  eny  coupler  eoe»- 
puter  program,  a  technical  description  is  presentable  only  In  the  forte  of 
flow  diagrams  and  an  asstably  listing  of  t  hs  aacnlns  cods.  Thsse  (for  tha 
IBM  701.)  together  with  consultation  sre  available  to  approprlste  organi¬ 
sations  upon  request. 

*s  with  any  slectronic  computer  routine  designed  to  accomplleh  a 
Job  previously  done  by  hand,  the  efficient  use  of  FLIOP  requires  a  period 
of  preparation  writhln  the  potsi>tl«l  usii\g  .  rganisaliun.  bpsclfically , 
the  human  time  and  effort  saved  by  any  such  conputsr  routine  has  to  be 
used  efficiently  or  the  jrlaary  value  of  such  a  tool  is  wasted.  In 
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•liiltloni  ■int«  •mdvnt  computer  u»»  is  alio  Involved,  >’LIOP  is  most 
•  rriclenl  wt.en  a  larg#  number  of  caees  are  handled  In  each  "run." 

IV.  KmiBLE  lin-'IRl,  APPLICATlOiCi  Of  FUOP 

It  will  ba  hobad  In  the  preceding  para-  *aphs  that  FLIOP  la  not 
dealgnad  to  eutonatlcalljr  plan  ’'misBlone"  or  over-all  "aircraft  utlllaa- 
tlone."  It  la  dealgred.  however,  ao  that.  In  addition  to  ita  utillt]r  to 
the  hvaac^  planner.  It  van  be  ueed  with  v-f  conputer  program  designed  to 
eolve  certain  of  the  more  conprsheneive  nlealon  frohxeme.  An  exploratory 
developaent  of  computer  routines  directed  toward  tha  solutions  of  the 
"route  selection"  and  "taah  objactlva"  type  of  problem  ie  currently  In 
prcgreso . 

Finally,  Ve-duse  FLlOf  la  designed  to  answer  detailed  ctueslions 
about  a  given  flight,  the  FLIOP  output  ehouXd  be  views--  os  a  detailed 
-deecrlption  of  the  limiting  corviillons  which  must  be  siet  to  make  a  flight 
fsAsltle.  liiless  It  -olncl.vi  precisely  with  the  planner's  desires 
relatirvg  tu  thst  fllg'il,  the  FLIOP  output  ^  not  a  flight  plan  in  the 
e-nvent  1  anal  aenac,  tut  rather  a  deatonatratlcn  that  a  feaaible  flight 
plan  can  bn  calculated. 
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PART  Two 

I.  Or-treRAL  DF^CRIPTION  OF  FLIOP 

Ths  basic  concept  of  FLIOP  la  the  rapid,  automatic  Intnsration  of 
tbs  following  major  factors l 

a,  Ths  parfomance  characteristics  and  lljnltations  of  a  specific 
aircraft  type.  (See  Appendix  A  for  a  description  of  the  FLIOP  calculation 
of  Aircraft  Perfornancs.) 

b,  Ths  mstsorologlcal  phenomena  which  affoct  an  aircraft's  inflight 
performance.  (See  Appendix  B  for  a  description  of  Climatological  Data 
Tables  and  thslr  use  in  calculating  the  effect  of  winds  on  the  planned 

night . ) 

c.  The  physical  and  meteorological  characteristics  of  the  takeoff 
base  which  may  affect  euid  limit  an  aircraft’s  perfcrmance .  (See  Appendix 
C  for  a  description  of  the  Base  Table.) 

d.  An  outline  of  the  plan  which  the  user  wishes  to  have  calculated. 
On  the  Flight  Outline  Plan  form,  the  user  indicates  the  aircraft  type  for 
which  the  plan  ie  required,  the  desired  route,  the  constraints  to  be 
coneldered  during  the  calculation  and,  possibly,  the  sequence  In  which 
certain  constraints  may  be  relaxed  in  an  attempt  to  arrive  at  a  feasible 
flight  plan. 

Ths  basic  concepts  used  internally  in  FLIOP  are  those  of  a  flight,  of 
points,  and  of  legs.  A  flight  is  the  operation  of  an  aircraft  from  take¬ 
off  to  landing  or  a  continuous  portion  of  any  such  operation.  An  aircraft 
operation  in  which  an  Intermediate  landing  and  takeoff  occurs,  for 
example,  a  staging  operation,  must  be  treated  as  two  distinct  FLIOP 
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fllght-Si  At-  a  "t^lnt”  8om«  particular  event  occura  In  the  course  of  the 
flight.  A  point  might  thus  be  a  taheoff  point,  a  navigational  check 
point,  a  target  point,  a  refueling  point,  a  penetration  point,  etc.  The 
interval  between  two  aucceaslve  points  is  called  a  "leg.'*  Infonaation 
concerning  a  leg  is  alwa/s  given  in  connection  with  the  point  following 
that  leg.  For  coi'iputatlonal  purposes,  enroute  climbs  and  Inflignt 
rsfuslings  ars  each  considered  to  occur  at  a  nolnt.  Provision  Is  isado  to 
take  into  account  that  these  are  actusUy  enroute  activities  starting  at 
the  point. 

II.  THE  ELEMENTS  OF  THE  FLIOP  CALCULATION 

The  basic  operation  of  FLIOP  Is  the  calculation  of  fuel  expenditure 
and  tloe.  Within  FLIOP  there  are  many  capabilities  to  solvs  various 
detallsd  problems  relating  to  the  operation  of  the  aircraft  at  the 
"points"  and  along  the  "legs"  of  a  given  flight.  The  calculation  of  a 
flight  plan  is,  in  a  sense,  the  combination  of  the  solutions  to  the  many 
"points"  and  "legs"  problems. 

A .  Point  Calculations 

1.  Takeoff  point.  There  ai-xi  two  general  t;pos  of  takeoff  calcula¬ 
tion  in  FLIOP.  One  computes  the  expected  length  of  takeoff  ground  roll 
(and  time  anC  fuel  used  during  this  o|:«ration)  when  given  the  aircraft 
typo,  aircraft  weight,  the  type  of  takeoff  procedure  and  the  elevation 
and  temperaUira  of  ths  takeoff  base.  FLIOP  checks  the  expected  grourxl 
roll  so  calculated  against  the  length  of  runway  sva:.lable  for  takeoff. 

The  second  type  of  takeoff  calculation  coDpute£  the  suudnmm  feasible 
takeoff  weight  and  fuel  load  when  given  the  aircraft  type,,  takeoff  types, 
bass  elevation  and  temperature,  and  the  lergth  c''  runway  availabla  for 
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takeoff  j 

Specific  takeoff  types  are  represented  in  the  FLIOF  calculation  as 
"takeoff  niodes."  Each  "takeoff  mode"  is  a  eel  of  parameters  which 
describe  the  effect  of  aircraft  weight,  wei/tht  less,  fuel  used,  tempera¬ 
ture  and  elevation  on  the  ground  roll,  and  other  factors  wliich  affect  the 
takeoff  of  a  apeclfl';  aircraft  type  using  a  certain  type  of  takeoff 
procedure . 

2.  Refueliat  riint  calculations.  For  receiver  aircraft  there  are 
two  types  of  refueling  point  calculations.  FLIOP  can  calculate  the  net 
gain  in  the  recelvurs  fuel  load  (and  the  not  Inas  In  enroute  cpilslng 
tins)  when  provided  the  receiver  type,  tanker  typ-e,  and  sc'ount  of  fuel  to 
be  transferred.  FLIOP  can  calculate  the  reculred  amount  of  fuel  to  bo 
transferred  (and  the  not  loss  in  enrouto  cnlslng  time)  when  the  receiver 
type,  tanker  type,  and  a  require  I  net  rain  In  receiver  fuel  load  Is  pro¬ 
vided  . 

For  tenkor  aircraft  there  are  two  types  of  refuellnr,  calculations. 
FLIOP  can  calculate  the  net  loss  in  the  tanker's  fuel  (anl  the  loss  in 
enroute  cruising  time)  when  the  receiver  type,  tanker  type,  and  required 
amount  of  fual  to  bo  transferred  in  provided.  FLIOP  can  calculate  the 
amount  of  fuel  which  can  be  tranafarrari  (an.1  the  n»i  los-  In  enroute 
cruising  lime)  when  the  recetver  type,  tanker  tyf.e  and  saxirum  allowable 
reduction  in  ta^iker  •'uel  load  is  provided, 

3.  Turn  points  and  navigation  check  points.  A  charv'e  in  an  air- 

■k'ada  rtf  ?!ich  i5  .Trcs  ervilss  to  cruiss 

climb,  must  in  general  be  associated  with  a  point,  although  Ir.  fact  the 

*  See  Appendix  A  for  a  description  of  FLIOP  nodes  and  their  j-rcparatlcns 
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change  is  only  inlllalel  at  tha  point.  Fl.IOP  assaaae.a  a  lima  ani  fuel 
penalty  ag;alnst  the  aircraft  at  a  mode  chance  point;  to  compensate-  for  the 
actual  tin-.-  and/or  fuel  lost  iu  the  chance,  the  magnitude  of  these  penal¬ 
ties  is  dependent  on  the  weight  of  the  aircraft  when  it  arrives  at  the 
point  and  the  difference  between  the  two  modea. 

If  Target  points.  FLIOP  will  subtract  from  t  le  non-fuel  weight  of 
the  aircraft  any  specified  amount  of  weight  at  any  point  indicated. 

B.  Leg  Calculations 

There  are  two  general  types  of  "leg^‘  calculations  in  FLIOP:  "enroute 
lega"  and  "orbit  legs."  Specific  types  of  leg  calc.v latlons  are  described 
in  FLIOP  as  "non-takeofr*  nodes. 

A  non-takeoff  (inflight)  mode  is  a  set  of  parar.eters  which  describe 
the  fuel  consumption,  altitude,  airspeed,  and  other  parameters  of  the 
aircraft  operating  in  a  specified  manner,  together  with  the  vailations  in 
these  quantities  which  may  (or  may  not)  result  with  charges  in  the 
aircraft's  weight.  For  those  nodes  in  which  an  air  refueling  is  permis¬ 
sible  certain  para-eters  are  included  to  describe  the  effect  of  such  an 
operation. 

1,  Enroute  leg  calculations.  FLICF  solves  for  ttie  fuel  used  and 
tirw  elapsed  on  an  enroute  leg  by  calculating  the  effects  of  wind,  flight 
■oda,  and  weight  on  the  aircraft  type  under  consideration. 

2.  Orbit  leg  ra!  nil  at  ions.  FLIOP  calculates  fuel  used  on  an  orbit 
leg  by  calculating  the  effect  of  mode  and  weight  on  the  aircraft  type 
uivler  consideration  for  the  tlrn  on  orlll,  (Under  certain  condi.tions 
FLIOP  may  bo  required  to  calculate  tiie  time  on  orbit  as  well  the  fuel 
used.) 
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Ci  Flight  Calculation 

Th«  planning  operation  is  the  combining  of  ’’point  calculations”  and 
’’lag  calculations"  in  a  manner  that  permits  the  solution  of  problems  pre- 
aented  to  FLIOP»  Each  flight  problem  handled  by  FLIOP  viill  have  one  "key 
problenf  although  many  detailed  problems  hsv#  to  he  Bolved  in  arrivlr-g  at 
a  final  result.  "Key  problem”  is  used  to  describe  the  najor  question  In 
the  FLIO?  case  which  dictates  the  manner  and  order  in  which  the  point  and 
leg  nalculatlona  must  be  made.  For  example,  the  ’’key  problem^  of 
achieving  a  maxlfiiuai  attainable  fuel  reserve  at  destination  requires  point 
and  leg  calculations  designed  to  achieve  such  a  maximum. 

In  general,  the  FLlUP  calculation  can  address  itself  to  a  key  problem 
at  the  beginning  of  a  flight,  at  the  end  of  a  flight,  or  in  mid-flight. 

To  achieve  this  capability  FLIOP  la  able  to  calculate  sequentially  the 
flight  logs  and  points  backward  from  th®  end  of  flight  or  forward  from 
takeoff.  These  calculation  procedures  are  referred  to  in  this  paper  as 
"backward  motion"  and  "forward  motion"  respectively.  A  plan  whoso  key 
problem  is  in  mid-flight  (for  example,  ’’What  is  the  mlrvinrum  amount  of  fuel 
a  bomber  must  take  on  at  the  refueling  point  to  fly  the  required  flight?") 
requires  both  "forward  aiotion"  and  "backward  motion"  calculations,  a 
technique  referred  to  hero  as  "mixed  irotlcn." 

In  arriving  at  the  solution  to  the  bailc  time  and  fuel  prob"?  em,  FLIOP 
either  calculates  or  uses  certain  information  which  may  be  of  use  to  the 
planner  or  necessary  to  make  the  final  output  results  meaningful.  This 
Information,  as  well  as  the  result  of  some  certain  peripheral  calculations 
(e.g..  drirt  angles,  ETAs,  and  total  distances)  are  provided  to  the  FLIOP 


user. 


\ 
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D.  Priority  SchewB 

Included  In  I’LIOP  la  an  ability  to  Input  (on  a  aeml-pormanant  basla) 
a  aet  of  priority  schemes  which  add  to  the  utility  of  the  technique,  A 
priority  scheme  la  an  ordered  Hat  of  node  changes,  drop  tank  options,  and 
air  refueling  types.  If  the  FtlOT  user  desires  h®  asy  have  FLIOP  alter  a 
glren  flight  plan  In  the  eequaiice  Indicated  In  a  designed  priority  scheme 
until  a  flight  haa  been  computed  that  does  not  exceed  the  maximum  allow¬ 
able  takeoff  ground  roll  or  takeoff  gross  weight  and  meets  ths  ailnlsiua 
required  fuel  resei-vea  at  destination.  This  feature  of  FXIOP  was  dersl- 
oped  so  that  the  user  !an  specify  a  desired  policy  related  to  "tradeoffe" 
bstweeii  desired  tactlca  and  fuel  expenditures  (Including  Inflight  refuelings) 
and  have  FLIOP  calculate  its  f Lights  on  that  basis. 

III.  THE  FLlGtrr  OtnXIWE  PUN  F'ORK 

The  flight  outline  plan  form,  a  blank  sample  of  which  is  shown  as 
Figure  1,  la  the  user's  principal  channel  of  connunicatlori  with  FLIOP. 

All  Inetructlons  contained  here  oust  be  very  cai'efully  followed  sines  s 
slngj.s  srror  can  result  In  a  coapletely  erroneous  calculation. 

For  each  flight  plan  the  FLIOP  user  wishes  calculated,  he  must 
nonaally  complete  a  Flight  Outline  Plan  fora.  The  first  two  llnss  of  ths 
fora  (each  of  which  has  Its  own  sst  of  headings)  contains  aaneral  infer- 
natlon  about  the  flight.  The  succeeding  lines  (which  have  a  cosnon  tat 
of  headings)  contain  apsclflo  Information  about  ths  Individual  points  and 
lags  of  ths  flight.  The  remainder  of  this  ssetion  is  a  detailed  dlaoua- 
sion  of  ths  Individual  fields  In  the  Flight  Outline  Plan  rnra.  Unlscc 
otherwise  Indicated,  ths  fields  .'discussed  must  be  coaplstad. 
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Point  Synhol,  Three  alphanuneric  characters  used  to  designate  the  point  at  which  the  program  Is  to 
comply  with  certain  special  instructions,  for  example,  changes  directed  by  priority 
scteme  applications. 


Three  alphanur.eric  characters  indicating  thtj  type  of  aircraft  performance  desired.  Tlie  modes  for 

the  first  point  must  be  applied.  Onlsaion  of  an  *?ntr7  win  result  In  the  use  of  the  ciode 

designated  for  the  ppocedirv'  leg. 

Coivlrol_Tir2e.  A  plus  or  nlr.us  sign  foUowed  by  six  digits  Indicating  the  relative  tijr.e  to  be  esHe  vnoH 
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IV.  THE  OtrrPUT  'ORH 

The  FLIOP  output  la  designed  to  give  a  detailed  picture  of  the 
planned  flight  by  Hating  pertinent  Inforiaation  at  each  point.  An 
example  of  the  output  la  given  below  with  an  explanation  of  the  values 
Hated  under  each  heading.  The  output  format  can  be  changed  to  meet 
the  requirements  of  the  ualng  urganleation. 


7-16-59 

-19- 


o  if  cn  «x  <1  •{ 


?- 

>- 

lO 


a 

u 

o 


u. 

0 

u. 

c^ 

0 

r- 

Q) 

D 

ii. 

0 

li. 

0 

•j 

0 

0 

0 

c 

u. 

z 

0 

c> 

C)  CD  oi  a  c 

♦J  fv 

c>  0  CNj  V  C 

L;  r\i 

0  p-  -J  f  c 

Ul 

a 

IT  »r  0  t*-  tr 

jr  M 

ll.  <*T 

•u  rM 

0 

0  0  C'  C>  Cl 

^  6 

»-  0 

0  cu  cn  a  C.1 

ir  0 

T  no 

>tl  ^  <\i  >l:  C’ 

<x  4 

^  -4  ^  '(  tf 

UJ 

*\.  C-  ry  f\  .-. 

t  — 

CL  0 

0 

fV)  f 

%n 

C^  in  n  o 

0  0 

—« 

>1  f-  Cl  0 

.  -r 

Q 

CO  C  c> 

«j  o> 

00  CO 

N 

fNj  n-  c 

IV  0 

Xf'  •€*  Or' 

•• 

,*  r^J  0 

0  0 

n 

00  r  Cl 

*?  <0 

0  N 

c 

K  #.4  fOk  0 

V* 

<  0 

rvi  *4  ^  tr  -« 

2*  ♦  J 

►-  0 

-H  #v  <Nj  dj  <n 

liJ  C.) 

c  <  C  <• 

(V  <n 

0 

0  C»  c;  Of) 

>1  0 

♦ 

4  ♦  4  4  ♦ 

Uj  0 

iu 
-j  o 

Ui  CJ 


(■1  <)  r«  ^  C*  ^  (M 
>  CJ  r\  ^  r  ♦-  fs 

-*o  *-«<><•  c  c 
r>  c.  o  Cl  c*  f> 


m  01 

tf  XT'  «' 

0: 

U. 

«  • 

e  t  • 

liJ  lU 

0 

•£>  *0 

^  O  <© 

(/)  4. 

0  CJ 

C3  0  C' 

«*  5? 

tf'  3 

Ul  1- 

r—  — 4  ^4 

X 

00 

0  0  C>  <  t) 

13  »! 

»  Q) 

y 

4-  « 

u.  0 

•0 

O'  n  <\ 

i/l 

O' 

sO  a  j 

fv  o-  i»  r- 

>■ 

:«  N 

PI 

I*’  jri 

^  tn 

n 

4" 

!’■  n* 

rt:  -• 

U. 

«'  <5 

c  t 

n 

♦  » 

4  1 

0 

^  =0 

«/) 

C» 

P*  m 

t'l 

k/) 

f'y  ** 

n  .j 

L>  4 

ir 

C>  «> 

r  Cx 

'K  0 

ij 

♦  1 

4  1 

W 

f£>  tn 

t-»  tn 

.r:  0 

*~* 

•0  4> 

UJ  f) 

cC 

0  0 

c-  tJ 

Cl 

1  1 

1  1 

f>  -« 

0 

« 

V  '4 

>•  -«■ 

^0 

t*  t» 

I*'  f»- 

►  '  0 

0- 

C»  tfi 

"0  a> 

ty  0 

►J  Cf> 

C^  O' 

CP  0 

a  0 

0 

0  Ci 

r*  Cl 

U*  X 

V 

^ 

»•  4* 

fk  11) 

4-»  ** 

c»  0 

c  •  0^ 

>“  r» 

«T  fi 

0  0 

f  r\» 

K-  4 

.J^  O'  O' 

0  O' 

m 

p\ 

c\j  tM 

Cv  11, 

IT 

i 

fV 

faj 

4 

fj 

01* 

,1 

fc- 

0 

.  1  I 

II 

(1 

X 

I 

4^ 


O  €1 

a 

M 


Ei 

lu 


I 


o 


x: 

t; 

8 

cr 


£ 

1? 


0 


Pi 


J5 


II 


55 
•2  ^ 
^9 


as 

fj 

fi'’ 

11 


si 

.£ 

a; 

5“ 


I  j 


jI 


I 

t* 


■ 

0* 


V 


?  ? 
H  8 


G 


e 

u 


ti  K 


i 


I 


<1 

o 


a 

ri 

o 

IL 

CJ 


tq 


1  a 


fc 


.c: 

I 


.8 

5g 

83 

(4  «J 

I3 

r? 

■ail 

o  ^ 
fi«  o 


Si: 


7-16-59 

-20- 


»vria2a?,.lv^  total  ^istjcco  aouttcai  Blloa 


R;!-a<,i5 

7-16-59 

-21- 


V.  mJBTRATlVB  APPLICATIOllS  OF  FMOP 

Certain  capabilitlna  hovo  toen  Incorporated  into  FLIOP  oo  that  Flight 
Plana  nhleh  embody  certain  "koy  probloma”  can  bo  computod  directly.  Soma 
of  thOQO  applications  wore  cloorly  in  mind  at  tho  otart  of  the  FLIOP 
dovoloprnant •  Othoro  have  been  incorporated  during  dovolopir.ont  os  the  need 
for  thorn  boeoreo  apparent  and  otlll  othoro  aro  oltlior  undor  currant 
developmont  or  under  conoldoratlon  for  future  dovolopmont. 

A  Hot  of  thooe  ourrently  available  together  with  a  brief  doacrlption 
io  given  bolou.  Appendix  D  contains  a  sorloo  of  complotod  Flight  Outline 
Plan  forrno  and  tha  resulting  FLIOP  outputo  which  are  intended  (1)  to 
llluotrato  tho  varlcjs  applicationor  (2)  to  servo  as  guides  in  tho 
praparatioii  of  Flight  Outlino  Plan  forma,  end  (3)  to  oorvo  oii  guidoa  in 
tho  intorprotatlon  of  flight  plan  Infor-ination  that  FLIOP  outputo. 

A I  Fflll  Baptord  Motion  Cnlciilntlon 

Th0  flight  plan  in  which  tho  FLIOP  uotr  hag  Indlcntod  tho  end  of 
flight  wolght  nnd  fuol  load  df  tho  aircraft  and  has.  In  offoct,  asked  tho 
question,  "IvTiat  is  the  rilnlirium  fuol  load  vdth  vAiich  tho  aircraft  must 
start  tho  flight  so  no  to  mnnt  exactly  the  specified  end  roquirementT” 

(See  Examplo  A,  Arujt-ndix  D  for  lonber  application.  Soo  Exairiplon  D  and  I 
for  tonker  application.) 

Full  Forifard  libtlon  Calculation 

A  flight  plan  In  which  *Ho  FLIOP  user  hss  indicated  the  initinl 
condltlont*  of  tho  flight  nnd  han  nnkee!  tho  quootlon,  "Ifow  mush  fuel  can 
tho  aircraft  hnvo  on  board  at  end-of-flight?"  (Sso  Examplo  B,  Appendix  D.) 
0.  Mixed  Ltotion  Cal,culntien 

A  flight  plan  In  !;hlch  tho  usor  has  indicated  tho  initial  fuol 
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conditiono  and  tho  final  fuol  conditions  ond  has  further  Indicated  a 
pofuollng  point  at  whloh  tho  reaol’-’or  may  tnko  on  board  enough  fuol  to 
oatlsfy  tho  Indicated  requirement''.  (Sea  Exmaplo  C»  Appandls  D.)  When 
lidlxod  lEOtlon  la  oppllod  to  a  tanhe  irafti  tho  question  becomast 
"Qlvon  tho  epaeiflod  takeoff  condltloiio  and  a  apeolflod  fuol  rsaorve  at 
end-of-fllghti  hoi/  much  fuol  can  thla  tankor  off  load?"  (Soe  Example  E» 
Appendix  0.) 

A  Priority  Schemo 

In  this  caoo  tho  f£lOP  uoor  has  doscrlbed  a  flight  pattern  i/hlch  may 
bo  boyond  tho  capability  of  the  aircraft  but  has  Indicated  (by  designating 
a  certain  priority  ocheeio  number)  tho  auqucnco  in  v/hlcli  tho  flight  plan 
conditions  may  bo  varied  by  FMOP  In  on  attempt  to  arrive  at  a  fsaslblo 
plon.  'flio  "hoy  problem"  In  tlilo  application  lo,  in  offecti  "Hew  near  to 
tho  input  flight  plan  can  tlilo  aircraft  fly»  otlU  ootiofying  tho  Indi¬ 
cated  rcqulror:entn  at  tho  otai't  and  ond  of  flight?'  (3oo  Example  F, 
Appendix  D.) 

Eo  lAiltlplo  C‘pntrel_'l'lmq 

A  flight  plan  in  vihlch  tlio  uoor  has  opoclfiod  required  tlir.os  of 
arrival  at  tKO  of  ssre  polntn  along  tho  flight.  Tlin  FIJOP  unor  is 
required  to  iiuUcnto  ono  (and  only  one)  "froo  orbit"  point  boti/oon  every 
ti.'O  control  time  points.  Tho  key  question  horo  la,  "!Iov/  long  rniint  tho 
olroraft  orbit  at  tho  »froo  orbit*  point  to  malto  goed  tho  required 
tiTfiSSr"^  (Sto  Exunipio  if,  AppOndlX  B.) 

F«  Crean  Talk 

)ilil8  application  rcqiiiroo  that  FIJOP  "rrjr.chhor”  certain  dato  dovolopad 
in  ono  flight  plan  calculation  and  Insort  it  Into  tho  approprlato  ploco  in 


HW-2<,15 

7-16-59 

-23- 


Boms  oueeoodlng  flight  plan  (or  plans).  Tho  Inobruciion  hore  ioi  in 
offoott  "Tho  flight  plan  fur  aircraft  B  Is  depondent  upon  somsthing 
dsvslspsd  la  ths  flight  plan  for  oircraft  A|  transfer  tho  inforniatlon 
uhen  it  is  dovolopod." 

1.  ETA/Control  Tima  Crosa  Talk.  Soo  Exomplos  H  and  1,  Appendix  0. 
"T"  card  "-0023"  uood  for  "ETA  to  otorogo."  "T"  card  "-0024"  uood  for 
"Storago  to  Control  Tima." 

2 .  Bombar  to  Tankor  (or  Tankor  to  Bombar)  Fuol  Transfer  CroBo  Tallt. 
Soo  Exeonploe  E  and  ?,  Appendix  D. 

0.  Broalt  Point  Application 

By  using  thio  application  the  FLIOP  usor  can  descrlbo  a  "basic" 
flight  pl(m«  folloH  this  uith  enothor  flight  plan  and  ask  tho  quostior.i 
"At  «hat  point  along  tho  route  described  in  tho  *boole'  flight  plan  dooo 
tho  nlreraft  looo  Its  copabillty  to  ’brook  away’  and  comploto  tho  oocond 
flight  plan?"  (Soo  Exwaplo  Oj  Appendix  D.)  ("T"  card  "-0021"  Is  uaod 

for  break  point  applioatlon.)  By  doscrlblng  a  basic  fllgitt  plan  in  tthich 
tho  oiroroftt  nftor  folloi/ing  a  opoclflod  routs,  lo  diroctod  to  proceed 
to  an  impossibly  distant  "break  point,”  drop  its  bomb  load  and  then 
roturn  to  a  londlng  boos,  tho  planner  co>i  aolc  tho  question,  "Given  the 
cpaolflcd  prior  routo  ond  condltlono  ond  glvon  the  specified  return  route 
and  fuol  rooorvo  at  dontlnation,  how  for  (in  tho  direction  of  tho  remote 
brsalt  point)  eon  thio  aircraft  carry  its  bomb  load?"  (Seo  Examples  0  and 
i}(  Appendix  0.) 

H.  Payiaticn  Timo 

(Soo  Examplo  K,  Appendix  D.)  ("T"  cord  ’’-0020"  is  used  for  thio 

application  of  FLIOP.)  By  using  thio  application  tho  FUOP  user  can 
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dosoribo  a  "basic"  flight  plant  foUou  thin  vdth  another  flight  plon  ond 
indicate  a  time  (on  tho  basic  route)  for  the  aircraft  to  doviato  to  tho 

flights  Tho  ouo9^1.on  Usro  isj  dov^tos  fiM>si 

the  boolc  plan  at  tho  opoelfiod  deviation  tlmot  how  much  fuel  tdll  it 
havo  on  board  at  tho  ond  of  tho  second  flight  route?’'  A  procedure  is 
avoilablo  uhleh  alloWo  outomatic  repetition  of  this  question  with  a 
opoelfiod  changing  of  deviation  times. (FLIOP  must  bo  run  in  forward 
motion  for  this  application.) 

VI.  OPEHATIOHAL  CftAHACTERISTICS  OF  THE  H.IOP  COUPOTER  RODTIME 

FLIOP  lo  coded  for  uso  on  an  IBM  704  vdth  32,768  v.'ords  of  core 
storage.  With  minor  modifications,  FLIOP  can  be  mode  t5  v;orl<  on  on  IBM 
709  or  7090  or  on  a  704  vdth  8,192  v.-ordo  of  core  otorogo.  Tho  romaindor 
of  this  ooctlon  concorno  tho  uoo  of  FLIOP  vdth  o  704. 

Tho  basic  on-line  machine  requirements  for  using  FLIOP  aro  tv.-o  tope 
units  ond  a  card  read9r  and  either  a  third  tope  unit  or  printer.  FLIOP 
input  cosqo  may  bo  read  in  from  either  cordo  or  tapoi  If  input  lo  from 
tape  ariothor  tope  unit  lo  required. 

The  olx  console  sense  svdtchrs  serve  tho  follotdng  functional 

1.  up  -  Input  FLIOP  eaoos  from  tape 

down  ~  Input  FLIOP  cneos  from  cords 

2.  up  -  output  to  tape  for  off-llno  printing 

dovm  -  output  to  prlntsr 

3.  dotm  -  atop  between  cases 

up  -  normal,  no  inlorruptlon  of  cnooo 

4.  not  used 

5.  dnvrn  -  output  to  tapo  for  off-llno  punching  (svdtchoo  2  ond  6 

KMOt  bo  doioi) 

up  -  output  dopendn  on  ovdtch  2 
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down  -  additional  output  with  each  case  (used  for  debugging 
purposes ) 

up  -  normal  output  information 
The  timing  for  a  FLIOP  case  depends  on  many  factors,  the  main  five 
being  the  following i 

1«  The  number  of  legs  in  the  case 
2>  Card  or  tape  input 
3»  Printer  or  taps  output 
4o  Uoo  of  priority  ochome 

and  5<  Position  of  metooi'ologlcal  tape  at  the  beginning  of  tho  case. 

If  a  case  lo  run  using  tapo  input,  taps  output,  and  no  priority 
oohoma  and  tho  motoorologloal  tapo  lo  positl-nod  correctly,  it  should  tako 
roughly  three  oocondo.  For  a  case  with,  say,  fifteen  points,  add  to  tho 
on-lino  704  tlmo  flvo  eocondo  for  card  input,  ten  oocondo  for  on-line 
printing,  half  a  oocond  for  oach  priority  category  used,  and  five  seconds 
for  each  month  of  dnto  read  to  position  tho  meteorological  tapo  correctly. 
Thuo  it  lo  dooir&blo  to  run  all  cases  using  tho  ooir.o  month  at  one  time  if 
it  lo  convenient  to  do  so. 

If,  duo  to  eomo  input  or  computer  error,  tho  computations  for  a  case 
cannot  bo  made,  an  error  output  will  bo  mada  Inotoad  of  the  normal  out  "out. 
Thio  error  output  consists  of  two  lines,  tho  first  containing  tho  ID  for 
tho  case  and  tho  words  ERROR  ERROR  ERROR  and  the  second  lino  tho  contents 
of  index  roglotora  four,  two  and  one,  in  that  order,  in  negative  and 
pooltiva  form.  Tho  negative  location  of  index  rogistor  four  v/hen  looked 
up  in  tho  osBombly  listing  for  FLIOP  should,  in  moot  coses,  glvo  the 
roaoon  for  tho  error  for  tho  case.  For  such  errors  as  tho  case  ID  being 
loft  blank  or  n  tnlieoff  baso  being  used  that  does  not  appear  In  tho  baoo 
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tablo  thlo  Is  truQ.  Sueh  orrora*  howavort  as  aauaed  by  incorroct  koy 
punching  of  the  input  cards  or  as  the  use  of  tv.-o  minimum  bomber  refuelings 
in  one  flight  uould  probably  not  ba  indicated  correctly  by  indox  resistor 
foul’. 

Various  opecial  funotionst  such  as  various  tapo  control  functions, 
are  controlled  by  maons  of  "T  cords”  (cords  or  card  images  on  tapo  tdth 
a  T  in  column  72). 


HK-2415 

7-16-59 

-27- 


APPENDDC  A 

AIRCRAFT  PERPOnmNCE 

1.  uehehaL 

Tha  major  factor  in  the  calculation  of  aircrplt  performance  Is  the 
weight  change  due  to  certain  types  of  operation,  such  as  takeoff,  cruloe, 
!»aximura  endurance  operation,  high  speed  operation,  etc.  Associated  vd.th 
yome  of  these  types  of  operations  are  certain  characteristics  and  restrlc- 
tlone*  such  as  air  velocities  as  affected  by  aircraft  weight,  maximum 
allowable  v/elght,  maximum  fuel  capacity,  etc.  In  addition,  there  may  be 
a  nximher  of  different  ways  (modes)  an  aircraft  can  accomplish  each  of 
these  operations  and  possibly  a  relative  "cost"  (mode  change  penalty)  in 
going  from  one  type  to  aTJothar.  Finally,  the  aircraft  may  alter  its 
t<alght  during  operations  for  reasons  other  than  fuel  consumption.  In¬ 
flight  refueling  and  weapon  release  are  examples  of  the  latter. 

Thin  Appendix  lo  devoted  to  a  discussion  of  the  formulas  used  in 
FLIOP  in  computing  aircraft  performance,  a  listing  of  tho  paramstera 
needed  in  such  computations,  and  a  description  of  how  such  parameters  can 
be  developed. 

It  is  recognized  that  the  results  of  a  FLIOP  calculation  do  not 
precisely  describe  the  way  a  given  aircraft  may  actually  fly  a  desired 
mission.  The  results  of  a  FLIOP  calculation  do,  however.  Indicate  that 
tho  required  flight  is  feasible  and  that  a  dotnilcd  flight  plan  can  be 
computed. 

Organizations  planning  to  use  FLIOP  must  exercise  considerable  care 
In  tho  devolopment  of  aircraft  performance  parameters  as  those  represent 
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moro  than  tho  phyalcal  charocterlotlco  and  llmltatlono  of  tho  aircraft 
eoncornod.  Thoy  olao  dssci-ifao  many  of  tho  oporational  pollcloa  and 
planning  factora  asaaclated  nlth  tho  aircraft  by  tho  ualng  organisation* 
For  exompie.  an  orgonisation  uolng  on  aircraft  may  vdoh  to  hnvo  n  lot-or 
moximuia  oHouablo  v/clght  than  that  deocribod  in  tho  tochnicol  publioationo 
of  tho  oiroroft  aanufocturcr* 

Tho  dotoll  uaod  horo  in  tha  dlocusaion  of  certain  FLIOP  proceduroo 
ond  tho  concoptp  behind  thoirt  io  corditlonod  by  tho  aaounptlon  that 
organlantlono  uolng  FLIOP  vdll  havo  poroonnol  familiar  nith  conventional 
tcchnlquoQ  of  calculating  aircraft  porformanco.  Tho  detail  uood  in  the 
diacuoolon  of  '’unconventional"  procctSureo  and  concepto  ucod  in  calculating 
olrcrnft  porformanco  lo  consldorably  greater  than  in  thoso  ooetiono  in 
V/hich  "convontlonal"  methodo  have  boon  uood. 

Tho  dl'flcuooion  in  oubparagrnphB  A,  D<  «id  C  bolou  roloto  to  the 
daveloixr.Bnt  of  q  oliiglo  given  takeoff  niodo.  Tho  required  paranotoro  nruat 
be  dovolopcd  for  oooh  pooolblo  taUobff  mode* 

A*  Tho  formula  uood  in  FLICP  for  the  calculation  of  takeoff  lo  aa 
follows*^* 


Tho  authoro  tiloh  to  oxpreoa  tholr  appreciation  to  R.  8.  Johnoton  for 
providing  thin  foriniln. 
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K  K 

R  o  [KjCW  ♦  Kg)^  -  [1  -  6.ft7xlO"^  h]  ^ 


v/heroi  \l 


aircraft  grooa  v/eight  at  start  of 

ground  roll 


t  “  nnblont  air  tomperotv,ro  In  dogrooa  F 

h  “  KACA  proosuro  altlt'ido>  of  the  base 
abovo  son  lovol,  maasured  In  feet 

R  "  tho  runway  length,  noasurod  In  foot, 
used  or  allotted  for  taknoff 


Kj,  Kj,  K,,  Ki ,  and  Kc  nro  irodo  paramotorr 
to  BG  datormiiioa  by  curvo  fitting 
tochnlquoo.  Kj  is  meaSurod  in  feet 
for  square  pound.  Kg  In  pounds,  and 
Kj  In  foot.  and  K,  arc,  of 
course,  puro  numbors. 


Uolng  tho  abovo  formula,  Fl.IOP  can  calculate  the  ground  roll  vihen 
given  tho  aircraft  v;olght,  baoo  teroporaturc  ai  d  base  prosauro  olovntlon 
for  a  spsclflc  aircraft  typo  (e«g.,  HUTKIfd)  taking  off  In  a  particular 
laanner  (rr.oda),  (hxomplc:  Drop  tanks  Installod,  thrust  augmentation 
fluid  and  eighteen  ATO  bottles  bolng  used.) 

Convorooly,  FLIOP  can  calculate  the  aircraft  weight  at  takeoff  when 
given  runway  available  for  tokcoff  ground  roll,  base  tomperaturo,  base 
olovation  and  modo,  by  solving  tho  above  equation  for  W, 

B.  Tho  translation  of  aircraft  ivelght  on  tho  ground  to  fuol  load 
and  tho  noed  to  doscrlbo  cortnln  llailtations  require  tho  Inclusion  in 
PLIO”  of  tho  folloY/lng  pariu-oteras 

Drop  Tank  \Jt.  ~  tho  weight.  In  pounds,  of  the  external  fuol 
tanks  v(i\en  ospl-y  (includes  weight  of 
trapped  fuol) 
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Drop  Tank  Cap.  "  The  weight,  in  pounds,  of  the  fuel  vrfiicn 
can  be  carried  in  the  external  fuel 
talks  (oxcluuing  trapped  fuel) 

Capacity  -  The  total  fuel  capacity.  In  pounde,  of  the 

aircraft  In  that  inodo  (oxcluBlve  of  ti’eppad 
fuel) 

liox.  Qround  V/t.  -  The  maxiinuin  number  of  pounds  that  the 
aircraft  is  allovied  to  v;e]gti  on  tho 
ground  for  that  takeoff  mode.  Thie 
weight  muat  bo  tho  smaller  of  the 
following  two  quantities: 

a.  Tho  maxlD>um  allowable  vrelght  on 
the  ground  of  that  aircraft  typo 

b.  Tho  maximum  allowablo  inflight 
weight  for  that  aircraft  plus  t.hc 
weight  (both  in  fuel  end  other^vlse) 
expended  between  tho  start  of 
engines  and  tho  completion  of  the 
takeoff  ground  roll. 

DELtfr  =  Tho  vfolght.  In  pounds,  that  tho  aircraft  idll  loso 
(other  than  fuel  expenditures)  between  "start 
engines"  and  "break  ground." 

DEIMf  -  Tho  total  \ioight.  In  pounds,  that  tho  aircraft  will 
loso  (both  tlio  fuel  expenditure  and  othonriso) 
between  "otart  engines"  and  "hrsok  ground." 

Max  Roll  -  Tho  maxliirum  distance,  in  foot,  that  the  aircraft 
can  be  permitted  to  roll  during  takeoff. 

Certain  aircraft,  when  using  thrust  augmentation 
fluid  during  takeoff,  nro  required  to  resorvo 
oomo  oTiiount  of  this  fluid  for  tho  accoloi'atlon 
phnso  which  follows  takeoff.  The  naxliiiura  grouiui 
roll  can  bo  used  to  rnfleot  this  limit.  Certain 
conventional, engined  aircraft,  In  addition  to 
having  a  maxlimon  allowable  ground  weight,  have  a 
"iflaxiuium  caulvnlor.t  ('I’oos  v;eiglit"  (a  parameter 
In  which  actual  v.-olgtit,  temperature  and  pressuro 
elevation  is  considered).  The  maximum  ground 
roll  can  bo  used  to  rofloct  this  llirdt  also. 

LTEfff  -  Tho  minimum  lemporr.turc.  In  degrees  Fahrenheit,  at 
which  thrust  sigmontatlon  fluid  can  lie  used  during 
takeoff,  (tio'o:  If  tho  FLIOP  user  Indicates  a 
takeoff  using  "water"  and  tho  baso  temjwraturo  is 
lowor  then  tho  I.TEfS*,  FI.VOP  will  autom/itically 
change  to  rt  "dry"  takeoff . ) 
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Ca  Tho  "K"  footors  required  for  each  taheoff  mods  ore  obtained  by 
dovoloplng  0  table  of  ground  rolla  for  that  mode  In  which  tho  olevatloni 
temparaturo,  and  aircraft  wolghta  have  bean  varied  v/lthln  practical 
lliaitOa  The  takeoff  non-.ogroma,  included  In  the  performance  supplomento 
of  each  aircraft  handbooki  lo  a  convoniont  source  for  thlo  Informatlona 
Having  developed  ouch  a  table,  q  fitting  procedure  la  uecd  to  develop  tho 
K  factors  a^ 

Da  It  can  bo  aoen  that  a  number  of  takeoff  modes  may  bo  required  to 
dooorlbo  the  voi'iod  tokooff  charactorietlcD  of  an  aircraft  (for  example, 
drops  tanko  on,  drop  tanka  off).  In  oddltlon,  augmented  tokooff,  "dry" 
tnlMoff,  full  rocket  aooletod  takeoff  (RATO),  partial  RATO,  full  after- 
burnsr,  etc.,  eon  all  affect  tho  takeoff  charactcrlotlea  and  may  roqulro 
tho  dovolopmont  of  tokooff  modoa.  Tho  following  B-/,7  takeoff  tr.odoa, 
ourrontly  in  FLIOP,  oro  llotod  for  llluotrntlona  In  thlo  "i-.odo  code" 
tho  Indicatoo  "no  drop  tonkoV"  Indlcatoo  "drop  tnnko,"  "IV" 
indlcntoo  "wot  takeoff,"  "D"  Incllcotco  "dry  takeoff,"  tho  number  "0" 
Indlcotoo  "no  ATO  bottloo  unod,"  "1"  Indlcatoo  "10  ATO  bottleo  used," 

"2”  Indicatoo  "30  ATO  bottloo  used."  Tho  T  Indicates  a  takeoff  mode. 


•DOT 

•'..’OT 

-D<dT 

-KOT 

♦DIT 

♦WIT 

-DIT 

-vaT 

♦D;!T 

♦K2T 

•■D2T 

-v;2T 

Sootlon  V  of  Appendix  A  hno  o  more  dotollod  doocrlptlon  of  modo  oedoe. 


A  "fitting"  routlno,  coded  for  tho  IPH  70/,,  lo  nvnllnblo,  (Thlo 
routlno  i.MO  dovolopcd  In  tlia  Woiio  nnd  Automation  Branch,  Control 
Division,  Wrectorato  of  Oporntioris,  Hoadquartoro,  SAC.) 
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£•  In  addition  to  the  calculation  of  takeoff  f;round  roll  (or  tsUooff 
weight  whon  ground  roll  is  given),  FLIOP  hao  a  certain  capability  to  mako 
a  solootion  bstueon  the  takeoff  modeo  it  t411  uop.  The  pvaggnee  or 
abaen^o  of  drop  tanka  (•*  or  -)  during  takeoff  may  bo  controlled  by  tho 
FLIOP  uae.”  or  may,  if  deoired,  bo  altered  by  tho  priority  ochema  being 
used,  A  "irat”  taVooff  i/lll  automatically  bo  changed  to  o  "dry"  takeoff 
if  tho  bnao  tompornturo  io  lowor  than  tho  "LTEflP,"  howovor  the  revsrao  la 
not  true,  Tho  uoe  of  no  ATO,  partial  ATO  and  full  ATO  should  be  listed 
in  tho  FLIOP  aircraft  perforinanco  table  In  that  order  (ooo  the  D-L7  icodo 
oodo  abovo).  In  calculating  a  "forward  motion"  takeoff,  FLIOP  idll  uso 
not  only  tho  takeoff  modo  Hated  but  also  thoao  nvodoa  which  Jmvo  a  loooor 
number  of  ATO  bottloo.  Tho  takeoff  modo  v/hlch  roonlto  in  tho  Diaxlmum 
(sii'.ount  of  fuel  at  takeoff  io  thon  uood  in  tho  flight  plan  boing  computed. 
In  a  "backv/ard  motion"  takeoff  tho  nl>Umura  required  number  of  ATO  bottloa 
io  computed. 


III. 


Several  formuloo  aro  required  for  tho  computatlw.  of  flight  altltudo, 
fuol  conouiiiption  (rango),  and  rofuollng  fnctoro  for  inflight  modoo,  A 
tochniquo  io  provided  for  varying  tho  nlr  velocity  no  n  function  of 
wolght  viiion  nppllenblo.  Finally,  certain  limttntlono  on  wolght  and  fuel 
load  muot  bo  llotcd.  Each  of  thoao  will  bo  diocvisacd  in  conoldornblo 
dotoil  in  tho  ouecocdlng  paragrapha,  Tho  rondor  io  ngoln  roirdiided  that 
thoao  factoro  do  not  nocooearlly  roprooont  tho  r-iaxltnum  cnpabilltloa  wid 
lliidtntlor.o  of  tho  olrornft  concernod  in  tho  apocific  nodo  under  conoid- 
erntion.  Rather  thoy  roprooent  tho  enpabilitios  and  lltQltntlona  that  the 
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PMOP  using  oi'gnnlKation  docldoo,  ns  a  siatter  of  policy,  ore  approprlnto 
fop  pupposes  of  planning.  Subject  to  this  typo  of  modification,  the  most 
conveniont  source  of  the  data  required  for  mode  preparation  ia  the 
appropriate  oircraft  flight  handbook. 

A.  Range 

(1)  Tv;o  different  formulae  are  used  in  FLIOP  to  calculate  the 
rongo/alrcraft  vjolght  change  relatlonohlp.  The  first,  used  when  there  is 
a  linear  relation  aeaumed  between  range  and  aircraft  v/olght  change,  las 

R  “  Co  (Wi  -  Wa) 

or  equivalently 

^  i 

dn  “  Co 

\/horoi  H  D  air  distance,  in  nautical  miles,  during  a  change  in 
aircraft  gross  weight  from  Wj  to  Wj  pounds. 

°  the  "instantaneous  fuel  consumption  rate  in  pounds 
per  nautical  air  mile. 

Co  is  to  bo  dotorruined  by  o  fitting  process  trj  is  measured 
in  nauticol  mlloa  per  pound. 

(2)  Tho  oocond  rangc/vrelght  change  fornaila,  used  when  there  is 
a  logortlDnic  rolatlonsliip  asoui.-ed  between  rongo  and  aircraft  weight 
Chnngo,  loi 

W  ♦  C 

R  “  Co  log„ 

or  equivalently 

*i  „  ”l  *  Cl 
im  "  Co 
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vihoroi  H  “  air  dlatancA  In  nautical,  uilea,  during  a  change  in 
aircraft  groaa  weight  froei  Wj  to  Wj  pounds. 

d\i  ^  Instantaneous  fuel  consumption  rate  measured  in 
OR  pounds  per  nautical  mile. 

Qq  and  Gj^  are  to  be  determined  by  a  fitting  process.  Cg 
is  measured  in  nautical  miles  and  Is  measured  in  pounds. 

It  will  be  recognized  that  the  above  formula  is  a  modification  of 
the  Breguot  type  approximation,  in  which  Cg  and  Cj^  are  used  to  give  a  more 
accurate  description  of  llft-di-ag  ratio  than  a  fixed  single  constant.  An 
lnd'*cator  must  bo  Included  in  each  set  of  specific  mode  parameters  to 
designate  which  of  tho  above  formulas  are  to  be  used  in  that  specific 
mode.  A  symbol,  designated  Cg,  is  Included  to  serve  ns  the  indicator. 

Cg  indicates  tho  nauti.cal  alio  per  pound  (unaffected  by  vjeight) 

formula.  Cj  "♦'*  indicates  tho  modified  Breguot  type  approximation. 

y  I'o  Co  and  Ci  factors  are  the  moat  critical  input  numbers  In  FLIOP. 

A  noc/iiliigly  minor  inaccuracy  can  result  in  a  significantly  Inaccurate 
portiT.jal  .'.f  an  alrcr.aft’e  range  capability  (fuel  consumption)  over  a  long 
flight  being  computed  by  FLICP.  They  are  developed  by  fitting  tho  range 
curvcD  given  In  tho  appropriate  aircraft’s  flight  handbook.  Ttio  such 
fitting  procedures  are  outlined  below.  It  is  reconmended  that  both  bo 
used  and  that  tho  result  bo  cnrnfullv  checked  befoi’e  the  rooulting  nnd 
factors  are  Incornorated  into  the  ftlOP  aircraft  performance  table. 
Fiu-lhor,  it  is  important  that  tho  Cq  nnd  Cj  factors  dovolopod  aehiovo 
thoir  greatest  accuracy  in  those  aircroft  iiolght  rogimos  which  nro  Iwowti 
to  Inoludo  tho  usual  Qii’arsft.walghts  for  the  mode  undor  considoration. 

B.  Altitude 

?t.To  different  forrulnn  p.x,^  iiaod  in  VLIOP  to  cnloulato  tho 
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altitudo/alroraft  weight  relationship.  The  first,  used  ivhen  there  la  no 
ouch  relatlonahlp  aeeuniod  (the  aircraft  files  at  a  fixed,  designated 
altitude  regardleas  of  weight),  ini 

«“»0 

whore  I  H  »  preosura  altitude  measured  in  foot  (NACA.  standard 
atmoaphera) . 

In  oueh  a  case ,  Rq  is  oiirply  the  deaignatod  altitude  of  flight  for  the 
siodo. 

The  oecond  oltltudo/aircraft  weight  formula, used  when  the  aircraft 
inereaesa  flight  altitude  as  Its  weight  deoreaeos,  is: 

H  «  Hq  logp  W 

whore  t  V/  °  aircraft  gross  weight  in  pounds 

H  o  pressure  altitude  measured  in  foot  (HACA  standard 
atmosphere ) 

Hq  and  are  to  bo  dotormlned  by  fitting  and  ore  moaourod 
in  foot.  An  indicator  must  be  Included  in  each  npociflo  sot  of  mode 
psr«uT!-9t0rs  to  designate  which  of  the  abovo  formulas  is  to  bo  usodi  Hj- 
indicotos  a  constant  altitudo  node,  indicates  o  variable  altitude 
Kode. 


A  "£'13.14413**  iHJutino,  cod/cd  for  the  IBM  TO/,,  lo  availablo.  (This 
clovolopcfl  in  tho  Pinna  and  Autoicatlon  Branch,  Control 
fW.vl§ioh,  Bl  Visotovate  of  Ojismtlono,  Headqunrtora,  SAC.) 
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C.  Air  Voloclty 

Incorporated  Into  the  FLIOP  aircraft  performance  table  for  each 
mode  Is  a  provlaion  for  approxliratinf;  a  variation  of  the  aircraft *8  air 
velocity  aa  the  aircraft’a  weight  varies.  Six  quantitiesj  laba.led  VrBARl 
through  V1BAR6|  ara  included  to  bracket  five  aircraft  wight  bands.  WBftRl 
roproQonto  the  loiiost  weight  and  VfBAR6  the  greatest.  Associated  vdth 
those  fivo  weight  bonds  aro  five  quantities  labeled  VI  through  VJ.  The 
parameter  VI,  ....,  V5  aro  measured  In  nautical  irdles  per  minute.  VI  is 
tho  aireraffc’n  air  velocity  in  knots  that  idll  bo  used  by  FLIOP  iiihen  the 
aircraft’s  wolglit  lo  botwoen  UDAHl  and  V/BAR2{  V2  Is  tho  velocity  used 
botvwon  WDA112  and  WDAR3,  etc.  Conventionally  V.'DARl  Is  listed  as  being 
0&»o,  V.HAR6  03  being  an  impossibly  high  weight.  Vihon  the  mode  is  ono  in 
which  the  aircraft  has  a  fixed  voloclty,  that  voloclty  can  bo  Hated  for 
VI  »flth  zero  Hated  for  V)RAR1  and  the  Imposolbly  high  v/olght  listed  for 
WBAR2. 

0.  General  V/olght  and  Fuel  Criteria 

Tho  following  values  must  bo  listed  in  each  inflight  ir.odo 
carried  In  a  FLIOP  aircraft  parfon.mnco  table; 

(1)  Drop  Tank  Vit.  -  tho  eir.pty  weight.  In  pounds,  of  tho 

external  rcloascnblc  fuel  tanks 
Including  weight  of  trapped  fuel 

(2)  Drop  Tank  Cap.  -  the  fuel  capacity.  In  pounds,  of  tho 

oxtcrrml  fuel  tanks  excluding  weight 
of  trapped  fuel 

(3i  Capacity  =  ths  tctal  fuel  unpncxfcy  or  tho  aircraft. 

In  pounds,  in  tho  jv.odo  under  considox'atlon 
excluding  tho  v;oiBht  of  trop;jed  fuel 

(a)  Kax.  Fly  VJt.  -  the  r-iaxlijm  inflight  weight 

of  the  aircraft',  S'snourcd  in  pounds. 
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E.  Inflight  Refnollnfr  (Receiver) 

The  calculation  of  air  refuelinR  In  KEIOP  Is  made  on  the  basin 
of  QQulvalerA  effectss  An  asUsal  refuelluf;  operation,  for  a  receiver 
aircraft,  vrf.ll  encompass  all  or  most  of  the  following  separate  operations! 

(1 )  Ooacent  to  rendezvous  phase 

(2)  Chase  phase 

(3)  Refueling  phaso 

(li)  Acceleration  and  climb. 

Each  of  thoao  phaoeo  may  produce,  In  the  bomber,  a  fuel  consumption  and 
velocity  at  variance  vrfth  those  that  FLIOP  might  calculate  for  a  non- 
rofuollng  log  in  the  oamo  mode.  FLIOP  accounts  for  those  "off-mode" 
offocto  by  coleulatlng  the  equivalent  weight  vihlch  the  receiver  must 
thoorotically  have,  the  Inetant  it  paeaee  the  rendezvous  point,  to  fly  In 
the  past  refueling  point  mode  and  arrive  at  the  actual  end  of  refueling 
operation  at  tho  eamo  v/olght  as  the  actual  exps-'^tod  v/olght.  Tho  foUovdng 
diagram  of  weight  change  versus  distance  is  designed  to  Indicate,  this 
concept.  The  actual  rofuollng  Is  Indicated  as  a  solid  lino.  The  FLIOP 
calculation  no  a  dashed  lino.  The  abrupt  vortical  rise  of  tho  dashed 
lino  in  this  diagram  is  tho  FLIOP  applied  vioight  difference  {V!D)  required 
to  produce  coincidence  of  tho  FLIOP  aircraft  woiglit  and  actual  aircraft 
t.'olght  at  tho  end  of  tho  complete  rofviellng  operation.  The  amount  of 
weight  difference  (VJD)  to  bo  applied  le  calculated  In  FLIOP  by  tho 
foIloMlns  fo'  iriUlai 

WD  o  Vroo  ♦  WDl  (tanhor  off  load) 

3tt  can  bo  acen  froM  tho  diagram  that  'the  nctuol  weight  of  tho  rocolvor 
n.lr^irnfi  dinlvi"  tlio'  rofueling  lo  at  its  highoot  point  at  the  end  of  the 
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fuol  transfer  phiv{>Q«  Tc.  Insure  thst  the  receiver  aircraft  does  not 
exceed  its  jnaxlimua  allowable  inflight  gross  weight  or  fuel  capacity  during 
tha  actual  rafuollnH  operation#  FUOP  applloa  the  following  fcsiiasla! 

E  EO  ♦  El  (tanker  off  load) 

E  ia  added  to  the  weight  of  the  rooetvw  gross  weigHt  and  fuol  enpaoity 
at  tho  rendezvous  point  and  tha  results  coitiparad  againat  the  niaxlncim 
sllowable  v/eight  and  fuel  capacity. 

Since  the  air  velocities  achieved  by  tha  receiver  aircraft  during 
tho  actual  refueling  phases  may  vary  from  tho  FLIOP  computed  velocity  of 
tho  recoivop  aircraft  (in  tho  post-rofuallng  mode)#  a  •'time  penalty"  must 
be  Imposed  on  tha  "FLIOP  Aircraft"  so  that  its  axpacted  time  of  arrival 
at  tho  end  of  refueling  point  colnoldos  »/ith  tho  arrivol  of  tho  octual 
Qlroroft#  This  "Tims  Penalty"  (TAU)  is  also  related  to  tho  amount  of 
f\iol  off  loaded  by  the  tanker.  The  follouing  formula  Is  used! 

TA'I  o  TAUO  •»  TAUl  (off  l^ad? 

In  tho  development  of  the  nocOBonry  parameters  (WDO,  WDl,  EO,  El, 
TAtK),  and  TAUl)  the  expected  values  of  weight  difference  (V/D),  E,  and  TAU 
for  a  varied  oorlos  of  tanker  off  loads  must  bo  computed  and  tho  rosulta 
plotted.  Tiio  approprlato  parameters  can  then  bo  computed  by  a  simple 
fitting  technique.  It  haa  boon  found  convenlont  to  computo  oil  of  tho 
oxpaotoa  voluoa  togotlivr  using  a  foriiat  similar  to  that  ehoim  bolor/. 
Theoretic nl  values  are  indicated  by  "T.**  Noto  that  a  different  tnnkor 
typo  onn  produce  a  rcqulromont  for  different  refueling  paran-.otora  in  a 
epaoifio  rocolvor*o  mode.  An  additional  rode,,  idth  an  appropriate 


Time  elapsed  In  transfer 


°  DiBtanee  covered  during  transfer 


'  Fuel  used  during  transfer 


*  Fuel  used  during  chase 


Q 

*  Time  elapsed  in  chase 


Distance  ■  'vered  In  chase 


10,  Receiver  <rt..  at  start  of  chase 


Fuel  used  In  descent 


Tims  elapsed  In  descent 


Distance  covered  in  dc  scout 


Receiver  v/t.  at  start  of  descent 

(10  ♦  11) 


15 •  T  fuel  used  In  pro-refueling  node  to 
_ fly  distance  13 _  _ _ 


16.  T  time  used  In  pre-refuoling  mode  to 
fly  distance  1 


17.  T  aircraft  v/t.  at  refueling  point 

_ _ _ _ 

10.  Actual  wt.  of  receiver  at  end  of  fuel 
transfer  (sar.-.n  as  1 


Fuel  used  in  eliir.b 


20 

’  Distance  covered  in  clli.ib 


Tlmo  elapsed  in  climb 


22.  Receiver  irt,  nt  end  of  climb 
fl0  -  19) 


23.  T  fuel  used  by  receiver  (In  post- 

rofucling  made)  to  fly  distance  20*9*A 


2/».  X  fuel  elapsed  In  flying  (in  post- 
refueling  mode)  dintnneo  20  •»  9  •»  A 


25.  T  rocoivor  vrt,.  nt  depart  refuolina 

_ !_ _ _ 

^  *  Specific  ‘H®"  (25  “  1?) 
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indicator<  muat  be  developed  and  Inoerted  In  the  receiver’s  aircraft 
performance  table  to  reflect  this  situation. 

F.  Inflight  Refueling  (Tanker) 

The  calculation  of  the  affect  of  Inflight  refueling  on  the 
tanker  Is  quite  comparable  to  the  calculation  made  for  the  receiver 
Bycept  that  EO  and  El  are  not  applicable  (the  tanker  cannot  exceed  Its 
maximum  allouable  inflight  weight  during  the  operation  as  It  con  only 
lose  weight).  The  tanker  weight  change  versus  distance  diagram  belov/  Is 
designed  to  depict  the  actual  and  the  "FLIOP"  situations.  Tho  actual 
refueling  is  indicated  by  a  eolid  line;  the  FLIOP  calculation  by  a  dashed 
lino.  The  abrupt  vortical  descent  of  the  daehod  lino  In  the  diagram  la 
tho  FEIOP  applied  weight  difference  "VJD"  required  to  produce  colncidoneo 
of  tho  FLIOP  aircraft  vwight  and  actual  aircraft  weight  at  the  end  of  the 
comploto  roluollng  operation.  Tho  amount  of  V(D  v;hlch  Is  to  bo  assessed 
against  the  tonkor  ie  computed  using  tho  same  formula  used  for  calculating 
similar  data  for  tho  bombers  [i.e.,  V/U  “  WDO  ♦  WDl  (off  load}).  Tho 
format  shown  has  boon  found  t<j  bo  convonlent  In  tho  preparation  of  tho 
tanker's  IVD  parah;etera. 

IV.  MODE  Cmr.'OE  PFrJALTIES 

VJhen  an  aircraft,  during  a  flight,  changer  from  one  mode  of  operation 
to  another  there  may  to  a  period  during  which  the  fuol  flow  and  air 
velocity  differ  from  those  of  tho  second  modo.  Toko,  for  example,  on 
aircraft  that  la  cruising  at  soa  level  (or  has  just  takon  off)  and  a 
chango  of  modo  to  cruising  nt  altitude  le  indicated.  Tho  fuel  used  and 
tho  time  elapsed  during  the  actual  c-llmb  »/lll  bo  greater  than  the 


Tonker  weigh? 
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{Oiroctlon  of  fSight 
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lo  Actual  tanker  ivt>  at 
rcndcsvciis 

2 

*  Distance  covered  In  chaeo 

Fuel  uoed  in  cViano 

Urn  Actual  tanker  v/t.  at 
contact  (1-33 

5o  Oiatance  covered  in 
transfer  chase 

6.  Fuel  used  by  tanker 
durlnr  transfer 

Fuel  off  load 

8.  Tanker  trt,  f  t  end  of 
transfer  (4-6-7) 

9«  Distance  covered  In 
acceloratlcn  and  climb 

10.  Fuel  used  in 

acceleration  and  climb 

11.  Tanker  wt.  at  end  of 
climb  (13  -  10) 

12.  T  fuel  required  (at  wt.  14) 
to  flv  distance  2*5*9 

13«  Theoretical  tankor  wt.  at 
rendezvous  point  (11  *  12) 

Specific  Vro  (1  -  13) 

Koto  thnt  fi  different  receiver  typo  can  produce  a  requirement  fer 
different  rofuollno  purnmotoro  In  a  i^ivon  tanker  r.odo*  An 
additional  mode  muet  l-o  developed  to  reflect  ihlo  eltuatlon> 
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theorotical  fuol  and  time  used  to  cnilae  at  altltnde  for  the  "climb 
distanc-s."  rllOP  nllov/s  for  thla  effect  by  aasoaslrif’  appropriate  time 
and  fuol  penalties  ap^alnst  the  aircraft  at  the  n»de  change  polnti  tho 
amount  of  tho  penalties  bolng  dependent  on  the  aircraft  weight*  Somo 
mode  ohangea  do  not  require  penalty  aobesemonta*  Tho  formulae  uaed  to 
calculate  these  quantities  are  ae  follows  i 

(1)  Time  penalty 

TAUP  “  TAUrO  ♦  TAUPl  (aircraft  weight) 

(2)  Vfelght  penalty 

PEN  *=>  PEt'O  ♦  PEHl  (aircraft  v/eight) 

Tho  following  dingrnro  la  intended  to  llliiatrato  this  concept  of  fuol 
pannltloa.  The  actual  aircraft  data  lo  ohovm  no  a  solid  Hnoj  tho  FLIOP 
calculation  by  tho  dashed  lino*  Penalty  aaooBsmenta  are  not  required 
bot'^jen  all  rods  comblnstiona  (for  example*  pcnaltleo  are  not  appropriate 
when  an  aircraft  changes  mode  from  maximum  speed  to  crulolng  apeed). 
Further, FLIOP  dooa  not  aaooas  negative  ponnltles  (for  example,  tho  actual 
carfill.  gain  in  fuel  when  on  aircraft  changes  from  cruise  at  altitude  to 
oruioa  at  oea  level).  However,  for  all  mode  ehango  combinatlona  which  do 
have  olgnlflcnnt  ponaltloo,  appropriate  penalty  parameters  must  bo 
developed  and  included  in  tho  FLIOP  aircraft  performance  table.  It  ha0 
been  found  converlont  to  use  the  format  given  below  to  calculate  epocifie 
PEH'o  and  TAUP'a  and  fit  these  to  derive  tho  appropriate  PEKO,  PENl,  TAUPO 
ond  TAUPl  pnrar.otcro. 


Rtt-aas 

7-16-59 

-45- 


Modo  2 


(Diroction  of  tllohf 


HH-aas 
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X o  Viv *  Gt^  inOQO  ct\&n^Q 

point 

1 

2.  Distance  covorod  In  ir.ode 
chanKG 

H 

Fuel  used  In  r.ode  change 

■ 

■ 

Time  elapsed  in  mode  change 

■ 

■ 

5.  Actual  aircraft  uto  at  end 
of  mode  change  (1-1^ 

S 

m 

■ 

■ 

Iflll 

6.  Theoretical  fuel  used  (in 
mode  2  at  aircraft  wt.  5) 
over  dlotance  2 

■ 

■ 

■ 

■ 

i 

■ 

?•  Thoor'-tical  timo  elapsed 
(in  mode  2  at  wt.  5)  over 
distance  2 

■ 

■ 

■ 

d.  Theoretical  aircraft  vA. 
at  p.odu  ch-in  -c  folnt 

(i  ♦  o  . 

■ 

■ 

■ 

■ 

■ 

■ 

Specific  mi  (1  -  8) 

■ 

Specific  TAUP  (i*  ~  7) 

_ 1 

_ 

■ 

■ 
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V.  DEVELOPl-EWT  OF  A  mOE  CODE 
General 

The  number  and  typoa  of  modoo  for  a  Riven  type  aircraft  ivhlch 
may  ba  developed  and  included  in  FLIOP,  Is  larRoly  dependent  on  the  needs 
of  the  using  organization.  It  has  been  found  ndvantagcousi  however*  to 
roatriet  tho  number  and  typoa  developed  to  the  minimum  necessary  to 
develop  adequately  the  required  piano.  A  large  number  of  basically 
aimilar  modes  can  ba  a  source  of  confusion  to  both  tho  person  eomplating 
the  Flight  Outline  Plan  form  and  tho  reader  of  the  resulting  flight  plan, 
'fhlo  "practical  limitation"  has  not  been  found  to  bo  a  eerioue  ono*  aa 
tho  mode  codes  llatod  belov;  for  tho  B-47  and  KC-97  should  indicate.  Tho 
Hot  bolow  indicates  only  those  mode  symbols  v/ntch  the  user  normally 
placoa  In  tho  mode  symbol  column  of  the  Flight  Outline  Plan  form  (or 
rondo  in  tho  mode  column  of  the  printed  flight  plan).  Mode  paramoters 
for  the  aircraft  concerned,  vdth  and  \dthout  drop  tanks  Installed 
and  respectively)  must  be  developed  and  listed  in  FLIC?.  Hoifever, 
tho  user  has  access  to  this  variation  via  other  input  techniques. 
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Mode  Cctiioa 

DOT  -  Takeoff j  no  ATO  tottles*  no  wat.or 
BIT  -  Takeoff I  18  ATO  bottlon,  no  water 
D2T  -  Takeoff,  30  ATO  hottloa,  no  water 
ViOT  -  Takeoff,  no  ATO  bottles,  vjator 
VilT  -  Takeoff,  18  ATO  bottles,  viater 
Vi2T  “  Takeoff,  30  ATO  bottles,  water 
000  —  Maximum  range  power  settings  at  sea  level 
010  -  ffeiximum  speed  power  Bettings  at  sen  level 
001*  -  Roxiirium  range  poivcr  settings  at  optimum  altitude  (if 
used  on  a  refueling  leg,  the  tanker  is  a  KC-97) 

101#  -  Maximiun  range  power  eottings  at  optinrnm  altitude  (if 
used  on  a  refueling  leg,  the  tanker  is  a  KC-135) 

0E1»  =  Maximum  endurance  pov/ar  settings  at  optimum  altitude 
(if  used  on  a  refueling  leg,  the  tanker  is  a  KC-97) 
1E1^^  -  Maximum  endurance  power  settings  at  optimum  altitude 
(if  used  on  a  refueling  leg,  the  tanker  is  a  KC-135) 
Oil  -  Maximum  range  at  normal  rated  thrust,  optimum  altitude 


KC-97  t-fodo  Codes 


WOT  - 
001  - 
OEl  - 

002  - 
0E2  - 


003*  - 
0E3*  - 

004  - 
0E4  - 


Takeoff  using  thrust  augmentation  fluid 
Maximum  range  pov/or  setting  at  5,000  ft.  altitude 
Maximum  endurance  power  sotting  at  5»000  ft, 
altitude 

Maximum  range  power  setting  at  10,000  feet  altitude 
liaxlmum  endurance  power  Ecttlng  at  10,000  feet 
altitude 

Maximum  range  oov/er  setting  at  15^000  feet  alt'tude 
Maximum  endura.  :e  power  setting  at  15,000  feet 
altitude 

Maximum  range  power  setting,  at  20,000  feet  altitude 
Maximum  endurance  power  setting  at  20,000  feet 
altitude 


llofuoling  penalty  p.arpgtntcrB  nro.  included  In  FMOP  for-  these  modes 
only.  Thoroforc  only  thosn  can  be  used  on  a  log  iKniediat ely  prior 

to  nnd  InjTiCdiatoly  following  a  refueling  jM>lnt. 
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Bf  ihs  Mode  Coda  Convontion 

(1)  Jet  Aircraft.  From  the  Illustration  given  above,  it  can 
bo  Boen  that  a  general  convention  Is  used  in  the  labeling  of  modes.  The 
first  digit  of  the  takeoff  mode  symbol  h.ss  been  used  to  designate  the  use 
or  non-use  of  thrust  augmentation  fluid.  The  second  (middle)  digit  has 
been  used  to  indlcnto  Ineremental  use  of  ATO  bottles  and  the  third 
character  io  "T"  (for  takeoff).  The  inflight  mode  symbols  also  follow  a 
genecnl  convention.  The  first  digit  indicates  the  "co-refueler"  typo 
\»ith  "G"  being  used  for  a  low  performance  "co-refueler."  This  space  can 
also  be  used  to  Indicate  the  presence  or  absence  of  externally  carried 
"drag  producers"  (other  than  drsp  tanks)  which  may  be  carried  and  released 
in  flight.  The  aocond  digit  of  the  Jet  aircraft  mode  codes  la  used  to 
doslgnate  poivor  condition  (speed),  with  "E"  representing  endurance  power 
settings,  "0"  repreaenting  cnilso  power  oettlngs,  and  "1"  representing 
noriaal  rated  thrust  power  aettinge.  The  digit  "2"  can  be  used  hero  to 
reproaont  military  rated  thrust  power  settings  if  required.  (The  current 
FLIOP  mode  codes  for  the  B-52  includes  this  mode. )  The  third  digit  of  the 
Jot  aircraft  mode  code  is  an  altitude  Indicator,  vdth  "0"  being  used  to 
Indicate  sea  level  and  "1"  being  used  to  indicate  tlmt  the  appropriate 
altitude  for  maximum  rango  at  the  given  power  setting  and  aircraft  weight.* 

(2)  Aircraft  pov/ored  by  reciprocating  engines .  From  the.  KC-97 
modo  code  llluatratlon  given  obovo,  it  can  be  seen  that  a  generally  aitDllar 
mode  coding  to  that  of  the  Jeta  has  boon  woed.  In  the  takeoff  modo,  the 

«■ 

In  dotormlnlng  \Aiat  mode  change  •penalties,  if  nny,  avo  to  he  aaaeaaod, 
FLIOP  chocko  only  the  third  character  In  the  tv.-o  modes  involved.  This 
introduces  a  requlreir.nnt  for  a  diotinctlon  betwonn  the  tlilrd  character  of 
two  tr^)doo  Tihich,  uoed  scquentinlly,  require  tho  nj .plication  of  pennltloa. 
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first  spkxce  Is  used  to  indicate  the  use  or  non-use  of  water.  (At  present 
only  "wet”  takeoff  mode  parameters  are  in  the  KC-97  mode  table  in  FLIOP.) 
The  second  digit  rnpresents  other  takeoff  assisting  devices  (more  avail¬ 
able  for  the  KC-97) •  and  the  third  character  is  "T"  (for  takeoff).  The 
Inflight  modes  for  those  aircraft  use  the  first  figure  to-  designate  the 
”co-refuolor"  type  (since  there  appears  to  be  no  significant  mode  param¬ 
eter  difference  for  the  KC-97  refueling  a  B-47  and  the  KC-97  refueling  a 
B-52,  only  "0"  appears  in  the  above  KC-97  mode  code).  The  second 
character  in  the  mode  code  represents  power  sotting  (speed)  with  "0” 
representing  maximum  range  povier  setting  and  "E"  representing  maximum 
endurance  pov;er  settings.  The  third  chars ;tor  has  been  used  as  an 
altitude  indicator  with  altitude  available  in  multiples  of  5»000  feet, 

”1”  thus  represents  5,000  feet,  ”2'*  ten  thousand,  etc. 

Fixed  altitude  modes  can  be  developed  for  Jet  aircraft  and  variable 
altitude  modes  (in  which  the  altitude  increases  with  aircraft  v;eight 
reduction)  con  bs  developed  for  propeller  driven  aircraft  if  such  appli¬ 
cations  are  required. 
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APPEWDIK  B 

FLIOP  WINDS  AKD  NAVIGATION 

I.  THE  FLIOP  CALCULATIOH  OF  V;ifJD  EFFECTS 

Tha  effect  of  winds  on  an  aircraft  in  flight  can  vary  the  log  speeds 
and  enrouto  times  in  a  manner  which  may  be  significant. 

Provision  has  been  made  In  FLIOP  to  permit  the  calculation  of  this 
effect.  Tho  follotdng  paragraph  describes  the  FLIOP  calculation  of  vdnd 
effect. 


A  .  d  H  0 


In  tho  above  figure,  d  represents  tho  ground  distance  for  a  log  from 
A  to  0.  Indlontes  tho  true  air  speed,  t  the  time;  and  Vy  tho  tall 
and  cross  vdLnd  components  respectively,  and  0  the  drift  angle.  Tho  plane 
flioB  at  an  nngle  Q  froJs  ths  liriO  A  S  at  an  oir*^  roioeity  Tho 
paramators  d,  Vj^,  and  Vy  are  known  for  each  leg.  Before  the  fuel 
computations  for  oach  leg  are  made,  tho  foUovflr.g  two  equations  aro 
solved  for  t  and  0i 

*  Proviolon  haa  been  iwdo  for  I'Ogs  on  Xihlch  tho  nlr  velocity  is 
varlablo. 
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•y 

8in  0  o  ^ 

•K 

t  V|^  coa  0  ♦  t  Vjj  «>  d  o 

Thus  th8  ulnds  for  a  leg  are  part  of  the  computation  of  the  vima,  t,  for 
tho  leg  which  in  turn  affects  tho  air  distance,  t  Vj^.  Tb«  air  distance 
for  the  leg  is  the  quantity  used  In  the  determination  of  tho  fuel  used. 

II.  THE  CALCUUTION  OF  VJIh'D  COMPOmMTa 

It  should  be  noted  In  the  paragraph  above  that  the-  fUOP  calculation 
requires  that  the  wind  be  provided  as  cross  wind  and  tail  vdnd  components. 
The  FLIOP  user  may  input,  on  the  Flight  Outline  Plan  fom,  tho  forecast 
vdnd  components  for  each  leg  (or  any  leg)  of  a  flight.  Such  a  direct 
Inputting  technique  might  be  used  in  planning  flights  in  which  forecast 
vjlnds  are  available. 

V/hen  using  FLIOP  as  a  tool  in  developing  or  studying  future  opera¬ 
tions,  seasonal  wind  data  la  normally  used. ■ 

To  provide  tho  FLIOP  user  with  a  convenient  method  of  Inputting 
seasonal  vdnd  data,  climatological  data  tables  are  incorporated  in  FLIOP. 
Tho  data  tables  ulescrlbed  here  are  those  currently  used  in  FLIOP.  Ifors 
data  periods,  a  different  dato  grid,  and  different  atmospheric  levels  may 
be  developed  and  used  if  required. 

For  each  mld-aeason  month  [Jan  (01),  April  (04),  July  (07),  and 
Ootobsr  (10)3  at  tho  Intorsoctlon  of  ovory  five  dogreoa  of  longitude  and 
latitude  from  20®N  to  90®N,  tho  follov/lng  data*  Is  provided: 

» 

Those  data  vrere  prepared  from  information  fbrnished  by  the  3rd 
t/eather  Wing,  Headquarters,  SAC,  Offutt  Air  Force  Base,  Nebraska. 
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a.  The  moan  elevations  of  the  700  MB,  500  MB,  300  MB,  200  MB,  and 
100  HB  l^vsls* 

b.  The  standard  vector  deviation  of  the  td.nd3. 

At  15°N,  10°H,  5°N  and  the  equator,  pseudo  elevations  of  the  millibar 
levels  are  provided.  These  pseudo  elevations  were  determined  by  converting 
the  east-west  component  of  the  mean  wind  between  20®N  and  15°N  into  a 
pressure  difference  uslnr,  the  standard  gcostrophic  ivind  approximation  and 
applying  this  pressure  olfferonce  to  the  20°K  data  to  obtain  the  pseudo 
15**  data.  Calculation  down  to  the  equator  was  done  by  a  step-by-step 
process  at  each  5  degrees  of  latitude.  Since  the  geostrophlc  v/lnd  approx¬ 
imation  has  a  tens  in  v;hich  the  sine  of  the  mid  latitude  is  used  as  a 
divisor.  It  TO8  necessary  to  use  sin  10°  between  10°N  and  the  equator  to 
preclude  a  theoretical  wind  of  Infinite  velocity  crossing  the  equator. 

This  factor  and  the  general  sensitivity  of  the  wind  calculation  to  even 
small  pressure  differences  at  lov/  latitudes  makes  the  use  of  current  FLIOP 
wind  tables  inaccurate  south  of  10°N.  Any  flight  let^s  planned  by  FlIOP 
south  of  10°.N'  must  have  vflnd  components  inserted  on  the  FLIOP  input  form. 

From  the  climatological  data  tables,  FLIOP  calculates  the  seasonal 
mean  v/ind  components  in  the  folloi/ing  manner; 

a.  The  desired  period  la  determined  by  the  program  by  the  ronnbor 
Inserted  In  the  month  column  of  the  Flight  Outline  Plan  fom . 

b.  During  the  FLIOP  calculation,  v;hich  is  made  on  a  leg  by  leg 
boois,  FLIOP  computes  the  altitude  of  the  aircraft  on  the  ieg,  then 
Interpolates  in  longitude,  latitude  and  altitude  from  the  wind  tables  to 
determine  the  elevation  of  tho  initial  and  end  points  of  the  leg.  The 
differonco  botv;een  tho  elevations  of  tho  starting  point  jnd  ending  point 
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aro  used  In  the  standard  geostrophlc  wind  formula  to  determine  the  croas 
i^lnd  component.  K  similar  calculation  Is  then  made  for  the  and  nolnta  of 
a  line  of  length  equal  to  the  leg,  dram  normal  to  tho  leg,  tdth  the  leg 
and  the  oroso  line  bisecting  each  other.  The  result  of  this  second  calcu¬ 
lation  is  used  to  determine  tho  tail  ulnd  component.  To  achieve  accept¬ 
able  accuracy  In  wind  computation,  PLIOP  automatically  brooks  any  leg 
longer  than  1,000  n.ii.  uhlch  requires  vdnd  computations  Into  legs  of  1,000 
n.m.  or  less.  VIhen  the  plmmer  has  Indicated  that  FLIOP  is  to  use  tho 
mean  seasonal  vdnd,  the  cross  vdnd  and  tall  wind  components  so  determined 
ore  used. 

c«  The  standard  vector  deviation  of  the  vdnds  for  the  leg  Is  obtained 
by  FLIOP  by  overoglng  the  standard  vector  deviation  quantitlee  at  the 
Initiol  and  end  points  of  tho  log  and  those  obtained  from  tho  two  cross 
log  data  points.  Since  tho  standard  vector  deviation  quantity  so  obtained 
is  on  avei-ago  point  valve.  It  is  necessary  to  multiply  this  quantity  by  a 
factor  v/hlch  takes  log  length  into  account.  The  factor  currently  used  is 
obtained  from  a  linear  function  uhlch  is  1  at  0  n.m.  leg  length,  and  .6  at 
1,000  n.m.  leg  length.  To  convert  the  omnidirectional  leg  standard  vector 
deviation  so  obtained  into  a  component  quantity.  It  la  divided  by  , 

The  quantity  so  detormlned  la  one  standard  componont  deviation. 

tfhon  the  planner  has  Indicated,  on  the  Input  form,  a  desired  id.nd 
eonfldenec  psresBtlls,  rllOP  selecta  iho  appropriate  nvimbor  of  otandord 
deviations  (based  on  an  ossumptlon  of  circular  Gaussian  distribution)  end 
applies  it  to  tho  toil  wind  componont  in  such  o  manner  that  tho  result 
«rtll  be  more  or  loss  favorable  to  tho  flight  than  tho  moan  log  wind 
depending  on  whether  the  percentile  is  less  or  w)re  than  50.'  ThuG,;  on 
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input  porcontlle  of  85  will  result  in  tho  use  on  each  leg  of  such  a  wind 
that  there  la  a  atatlstlcal  probability  of  ,85  that  tho  aircraft  vrould 
experience  more  favorable  t/inda. 

The  FLIOP  user  should  be  aware  that  the  "wind  percentile'*  calculation 
deacribdd  above  la  made  on  each  leg  of  a  FLIOP  flight.  This  '*log-for-leg'* 
type  calculation!  in  offoct«  aasumee  a  perfect  correlation  of  all  enroute 
vdnds  (an  aeaumptlon  knovm  to  bo  false).  A  procedure  to  approximate  an 
''over-tho-total-flight*'  wind  confidence  factor  la  under  study.  Until  such 
tlma  no  on  "ovur-the-fllght”  confidence  calculation  can  bo  incorporated! 
tho  FLIOP  calculation  of  \4.nd8  (on  tho  leg-for-leg  basis)  actually  pro¬ 
vides  Q  considerably  higher  '’over-the-total-fllght"  confidence  factor 
than  Is  indicated  by  tho  iri.nd  percentile  figure. 
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APPEHDIX  C 

BASE  AMD  LOCATIOH  TABUS 

I.  BASE  TABLES 

To  caleulato  tha  oxpocted  takeoff  ground  roll  for  any  aircraft  typo 
ut  a  given  U3lght«  information  on  tase  temperature  and  pressure  elevation 
is  required*  To  insure  that  the  computed  ground  roll  does  not  exceed  the 
allouablo  moxiniuinf  information  is  required  on  total  runviay  length  and  the 
pareentagQ  of  that  length  that  tho  FLIOP  user  r/ill  allovi  ground  roll  to 
roaoho  All  this  data  can  bo  given  to  FLIOP  by  filling  tho  "Takeoff  Ease" 
data  eoction  of  tho  Flight  Outlino  Plan  form.  An  indication  of  maxiDium 
ollot/ablo  porcontago  of  runway  length  (safety  foctor)  must  bo  given  in 
ovary  caoo. 

In  planning  tho  future  operation  of  aircroft  from  many  basest  it  is 
usual  to  dovolop  standard  planning  factors  for  tomperaturo  and  prossuro 
olovotlon  for  a  number  of  periods  of  tho  year.  Provision  has  boon  mado 
in  PLZOP  to  atera  a  table  of  ouch  planning  factors.  These  data  are  then 
brought  into  tho  FLIOP  oolculotion  when  required.  Tho  planner  oolecto  tho 
correct  data  by  indicating  tho  baso  nomo  symbol  and  month. 

II.  I^ATIOH  TABLES 

Ae  a  eoi.vcnieneo  to  the  plannort  tho  geographical  coordinates  of 
loeations  frequently  used  in  ^snning  are  stored  in  a  'table.  eoeh~  ents^  in 
tho  tablo  being  oooooiotod  idth  o  location  oymbol.  By  inserting  tho 
proper  oymbol  in  tho  nomo  symbol  colwnn  of  tho  FLIOP  input  form,  tho 
plurnor  oan  avoid  the  ropoated  dotorminlng  and  writing  down  of  coordlnateo. 
All  frequently  used  tokcoff  and  landing  basea  are  natural  candidates  for 
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IncluBion  In  tho  location  tablo. 

III.  BASE  AND  LOCATIOM  KAIE  SYIIBOLISH 

Tho  FLIOP  user  may  aolcct  any  aix  character  symbol  to  reprasont  tho 
name  of  a  base  or  location.  In  reducln/r  base  names  to  base  and  location 
name  eymbolo.  It  haj  been  found  convenient  to  use  a  system  of  deletj''*  of 
non-lnltlal  vouela  (from  right  to  loft)  followed  by  the  deletion  of 
consonants  (from  right  to  loft)  until  olx  lottera  remain.  Blanks  arc 
filled  in  by  dashes.  Thus  Lekonheath  la  symbolized  by  LKMHTH,  Eiolson  by 
EIEL3K,  Hunter  by  HUNTEH,  and  Dow  by  DOW - . 


Using  orgonizationo  con  develop  their  own  base  and  location  tables. 
IV.  AN  ABBREVIATED  MET  OF  llAIiES  AND  THEIR  ASSXIATF.D  HAliE  SYlfflOLS 


ADAK 

ADAK— 

COLUHBUS 

COLMBS 

ALTUS 

ALTU3- 

DAVISKONTHAN 

DVSHNT 

Aimiuo 

AMARLL 

DOVER 

IXWER- 

ANDERSEN 

ANDRSN 

DOW 

DOW - 

BARKSDALE 

DRKSDL 

DYES3 

DYESS- 

BEALE 

BEALE- 

ECLIB 

EGLIN- 

DERG3TH0H 

BRGSTR 

EIELSON 

EIELSN 

BIGGS 

BiGGo— 

ELLSWORTH 

V/LLS'iffl 

BLITHEVILIE 

BLYTHV 

EIPWKNDORF 

ELHNDR 

"DUHT0N'.-/00D 

BRTNdD 

FAIRCHILD 

FRCHLD 

BUNKERHILL 

BNKRHL 

FORBES 

FORBES 

CARSVELL 

CRSittL 

GUSGOt; 

giask; 

CASTLE 

CASTLE 

GRANDFORKS 

GRNDFR 

CLINTONSHERIfiN 

CLNTK3 

GREEHVILU3 

fflNVLL 
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GRIFFISS 

ORFFSS 

mUNTAINHOME 

HNTNIfM 

HICKAH 

HICKAH 

OFFUTT 

OFFUTT 

TOUESTEAD 

HOEBTD 

OTIS 

OTIS— 

HUNTER 

HUNTER 

PEASE 

PEASE- 

KADENA 

KADENA 

PINECASTLE 

PNCSTL 

KEU.Y 

KELLY- 

PIATTSBURG 

PLTTSB 

KINDI^y 

KINDLY 

PRESQUEISLAND 

PRSQIS 

KINROSS 

KINRSS 

RAMEY 

RAMEY- 

KIHTUND 

KRTLNO 

RANDOLPH 

RNDLPH 

Ifl'IAJALEIN 

KIVAJLN 

ROBINS 

ROBINS 

UDD 

UDD~ 

SAWYER 

SAVJYER 

UJES 

lAJES- 

SCHILLING 

SCHLLN 

UKECHARLES 

LKCHHL 

SELFRIDCE 

SLFRDG 

URSOfJ 

LARSON 

SEYLOURJOHNSON 

SYFSJH 

LAUGHLIH 

UGHLN 

SHEPPARD 

SHPPRD 

LINCOLN 

LINCLN 

SUFFOLKCO'JNTY 

SFFLKC 

LITTLESOCK 

LTTIHC 

THULE 

THULE- 

L0CK60URNE 

LCKBRN 

TINKER 

TINKER 

LORIKO 

WRING 

TRAVIS 

TRAVIS 

5«0»ILL 

KACDLL 

TURNER 

TURNER 

HlLISTROJi 

MUBTR 

UAKEISIAND 

WKISLN 

MARCH 

.«RCH- 

WALKER 

WALKER 

MATHES 

MATfffiR 

VIESTOVER 

V/ESTVR 

HAXlffiU 

F!AXV/U 

WHITEIftN 

WHITFff) 

tJCCHORD 

FDCimD 

KRIGHTPAITERSON 

WRGHTP 

IEf,UIRE 

fCGUlH 

WURTSMITH 

WRISHT 

MNOT 

MINOT- 
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APPEMDIX  P 

ILLU3TRATIVE  APPLICATIOMS  OF  FUOP 

fhls  appendix  is  a  series  of  coraploted  Flight  Operations  Plan  forms 
nn.1  tho  resulting  FLIOP  outputs.  They  are  Intended  to  lUustrata  the 
various  applications  of  FLIOP.  servo  as  guides  in  tho  preparation  of  Flight 
Outline  Plan  forms  and  illustrate  the  interpretation  of  tho  information 
FLIOP  outputs. 

For  convenience  the  transfer  (”T")  cards  used  in  various  applications 
ore  tabulated  below  v/ith  on  abbreviated  description  of  their  functions. 


"T”  card 

Uso 

-0009 

Tronsfdr  to  storage 

-0010 

Transfer  "F"  from  storage  to  "P  BAR" 

-0023 

Transfer  ETA  to  etorago 

-0024 

Transfer  ETA  from  storage  to  Control 
Time  Coluisn 

-0021 

"Break  Point"  calculation 

-0020 

"Deviation  Timo"  calculation 
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•FJCAHPJii  A  (EXHPLA) 

Flight  Outline  Plan  form 

(1)  In  thc>  first  lino  tho  uaor  haa  aokod  for  a  flight  calculation 
using  tho  April  (OA)  takeoff  base  tomporatures  end  ouch  vdndo  that  on 
airornft  making  the  flight  nould  havo  an  77  par  cent  probability  of 
onoount^ring  leeo  advorao  td.nda  than  thoon  uaod  in  tho  plan  {^nd  sonfi- 
donoo  77; •  Tho  oxtornal  ttiol  tanka  ora  to  bo  carried  all  tho  way  (drop 
tank  treatment  ♦).  Tha  aircraft  typo  lo  tho  heavy  v/olght  vorolon  of  tho 
B-A7E  aircraft  (aircraft  typo  BATEIfd}*  The  flight  lo  to  bo  colculatod  oo 
wit  ton  (Tactico  Priority  Schomo  blank). 

(2)  In  the  aocond  lino  tho  tiaar  haa  Indicated  that  tho  aircraft  (not 
taking  drops  tanks  or  resorvo  fuol  into  account)  td.ll  woigh  lOOiOOO  pomido 
at  tho  ond  of  flight  (non  fuel  -  O/Tanko  100,000)  and  tho  fuol  roeorvo 
ovor  baoo  ot  ond  of  flight  vdll  bo  5,000  (fuel  rosorvo  005000).  Sinco  no 
inflight  rofueling  Is  planned  the  refueling  point  fuel  resorve  is  not 
applleoblo  and  lo  loft  blanlc, .  Tho  first  point  fuol  load  is  left  blank 
bocause  the  flight  starts  vdth  a  takeoff  and  FLIOP  is  to  calculate  tho 
takeoff  fuel  load.  Only  tho  nairs  symbol  ond  safety  factor  aro  glvon 
(takeoff  base  is  Flnecaotlo  and  up  to  90  per  cent  of  tho  runway  can  be 
used  in  the  takeoff  ground  roll).  By  leaving  blank  tho  spaces  for  runway 
length,  proBsura  olevatlon,  ond  temperature,  tho  user  has  indicated  that 
he  dosiroH  Ff.SiF  to  ubo  tha  dato  stored  in  tho  baso  table, 

(3)  In  tho  third  and  succoedrng  linos  of  the  Flight  Outline  Plan 
form,  tho  user  has  Indleatod  the  follwdngi  toI<coff  from  Plnocaotlo 
(PI'CSTL)  using  thrust  augmentation  fluid  but  no  ATO  (WOT),  Tho  control 
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tln;3  for  thlo  flight  lo  «000  houro  00  mlnutoo  at  Pinccaotlo  (control  tlmo 
oolwrj)  loft  blank)i  From  Plnocaotle  tho  aircraft  lo  to  procood  to 
30®12>H76®/i2*VJ  (5013K076js2Vf  In  lots  ond  long,  coluirna)  using  cruieo  olirab 
tochnlquoo  (001  In  ciodo  col’ur!n)«  7hs  noxt  cnrouto  point  lo 
67®15 ’HSl^lO'U  end  tho  ond  point  lo  Lnkonhoath  (LKNIffH).  By  loaving 
blank  tho  modo  for  tho  loot  tuo  logot  tho  PLIOP  usor  has  indicatod  a 
doolro  for  tho  aircraft  to  eruioo  ciinb  all  the  nay  (tho  loot  ontOrod 
Rude  mo  001}  <  Blonko  in  the  ulnd  ooinponont  and  dlotanoa  fieldo  mean 
that  PLIOP  io  to  coniputo  thooa  q<uxntltiao.  Olenko  in  tho  non  fuol  off 
Iwidi  oir  roftiol  end  tiir.a  on  orbit  fields  roaon  "no  bomb  drop*"  "no  air 
rofuollngi"  ond  "no  orbiting,"  roopoctlvolys  Tho  point  symbol  column  lo 
loft  blank  oo  it  io  r  .t  used  in  this  typo  of  flight  plon.  Tho  leaving 
blank  of  tho  dogradation  factor  fiold  isoono  tho  aircraft  hao  no  oxtornal 
drag  producoro  nhich  t.'ould  produoo  a  dogradation  in  tho  rango  capability 
of  tho  airerofto  Tho  **£"  in  tho  control  column  on  tho  loct  lino  indioatoo 
that  tho  PLIOP  user  hao  doocribod  tho  flight  and  uishes  it  ts  ta 
comploteds 

lli)  The  "key  pr-obleiif*  of  this  flight  plan  1b«  "With  the  aircraft 
typo*  routo*  ond  condltiono  doocribod  horo*  idiat  io  tho  i.ilnlmuin  amoimt  of 
fuol  required  on  board  tho  aircraft  at  tho  tlmo  it  otarts  its  onginoa?" 
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EXAJJPLE  B 

(1)  Flrat  line 

Tho  month  la  Ootoher  (10),  tha  \jind  porcfc-ntile  is  82  par  cent  (82), 
tho  drop  tanka  are  to  bo  carried  until  no  longer  needed  and  then  dropped 
(O),  tho  aircraft  Is  a  S-/i7EW^  and  no  variations  In  tho  plan  are  permitted. 

(2)  Sacond  tlno 

The  some  conditions  preacribed  in  Example  A  are  used  here. 

(3)  Third  and  aucecedlng  llneo 

Tho  oama  rcuto  (and  cnroute  conditions)  described  in  Example  A  apply 
hero.  By  inserting  W2T  in  tho  mode  column  at  tho  takeoff  point,  tho 
planner  hao  indicated  a  desire  for  a  "wet"  takeoff  using  either  30  ATO 
bottles,  18  ATO  bottles  or  no  ATO  bottles,  whichever  vdll  permit  tho 
maximum  amount  of  fuel  on  board  after  takeoff.  The  control  time  for  the 
flight  lo  10  hours  and  05  minutes  after  on  unlisted  reference  time 
(•«01005  in  conti'ol  time  column)  at  takeoff.  The  "F"  in  tho  air  refuel 
type  column  io  used  to  indicate  a  desire  that  the  computations  start  vdth 
tha  aircraft  at  takeoff  and  end  over  the  landing  bane.  (See  the  descrip¬ 
tion  of  the  "key  problem"  beloif.) 

Tho  "key  problem"  of  this  flight  Isi  "V/ith  the  aircraft  type,  route, 
and  conditions  described  hero,  what  is  ths  matlnium  amount  of  fuel  with 
vAiloh  tho  aircraft  can  arrive  at  the  end  of  flight?" 
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EXAfffLE  C 

(1)  This  exEunplo  dascklben  the  fJlRht  In  January  (01)  of  a  B-47EHW 
from  Weatovor  over  Klndley  to  a  refuellnR  point  at  25°00'1I70°00'W  (tho 
aircraft  muot  have  at  least  15i000  pounds  of  fuel  on  board  at  the  refueling 
point)  at  uhlch  point  the  bombor  is  to  take  on  board  the  minimum  amount  of 
fuel  required  to  complete  the  mission  ("C"  type  refueling).  The  tanker  is 
a  KC-97  (OOl  in  mode  column  at  that  point)  and  tho  tanker's  fuel  off  load 
capability  ia  It0,000  pounds  (Oi.0000  in  F  column  at  that  point). 

From  tho  refueling  point  the  ’ onbor  is  to  proceed  over  Homestead  to 
29°50'nfl4®32'V/.  From  this  point  the  aircraft  is  to  proceed  to  the  target 
(30*20  •N86®20*V/)  at  normal  rated  thrust  speed  end  altitude  (Oil  in  nrodo 
column)  arriving  at  tho  target  at  9  hours  end  20  minutes  after  a  relative 
Boro  hour  (*00920  in  control  time  column  at  this  point),  ftt  the  target 
point,  10.000  pounds  of  non-fuel  freight  trill  be  dropped  (010000  In  non- 
fuel  off  load  column).  After  tho  target,  the  aircraft  is  to  proceed  to 
29*05 'N89°05'Vr  at  normal  rated  thruot  (modo  column  blank  for  this  leg  vrith 
on  indicated  for  previous  leg).  Finally  the  olrcraft  is  to  cruise  climb 
to  Vfolker  AFD,  Kavr  hoxlro. 

(2)  The  "key  problem"  for  this  flight  is*  "With  tho  aircraft  typo, 
route,  and  conditions  described  hero,  trhnt  le  tho  mlnimuin  amount  of  fuel 
raquired  to  bo  transforrod  at  the  refueling  point  to  make  the  flight 
poBoiblo?"  Tho  use  of  a  maximum  bomber  refueling  type  ("B"  in  refuel  type 
column)  would  have  resulted  in  tho  onloading  of  the  imaxlmum  amount  of  fuel 
(up  to  60,000  pounds)  and  changed  the  "koy  question"  to:  "l-Jhat  le  tho 
fiilnlriUfii  feasible  takeoff  weight  7" 
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EXAMPUS  D 

(1)  This  oxompXa  daacrlbos  ths  flight  of  a  KC~97Q  Bircraft  from 
Kindloy  to  25®00*N69‘’00'VI  ut  10>000  foot  (003  In  mode  coliiran),  orbiting 
20  ndmitos  Bt  that  point  ot  caxlmua  onduronoo  at  15>000  foot  (0020  in 
timo  on  orbit  column  and  0E3  in  mods  column  at  that  point)*  thonco  to 
25®00*N70°00*W  at  ISiOOO  feot  (003  in  modo  column)  at  which  point  ho  to 
to  off  load  40,000  pounds  of  fuel  (D  and  040000  in  air  refuel  column) 
onrouto  to  25°45*N75*0O*H  and  on  Into  Homoetond. 

(2)  ?hg  ”hey  quoatdon"  hore  loi  "Whot  io  tho  mlnlirium  takeoff 
^raight  (and  fuel  load)  roquircd  to  moot  tho  doocribod  condltionoT”  If  a 
maximum  tanker  ("E"  in  rofuol  typo  column)  had  boon  indicated,  the 

”l(oy  quootion"  v;ould  have  teen:  "Undor  tho  conditiono  doaeribad,  i/hat  io 
tho  maximum  amount  of  fuel  thlo  tnnkor  can  off  lood?" 


FLSGKT  OliTUKE  PLflS!  S'*"** 


0  ft  8  ^  »  C  ?  t  0  6  3  ^  9  C  fr  C  2  <0  6  8 / 9  S »  C  Z  I  0 ft og  9 g  y  g  Z  10  6  0^  9Cfr5Z  1068^9So€^lO&^^9ft»6tf |  ^63^  g 5  5  £ 


7-16-59 

-7J*- 


O  n  «(  <i  o  «l  <t 


o 

c 

r 

> 

i/> 


^  u-  o-  o  *■*  « 
•J  —  n  »•  u  j  t 
ui  «o  <f)  vO  «  u  r 

n  •-  o  en  h-  —  n 

u.  ^  tr  •-  I 

O  C  O  C-  Cj  « 

1®  iTV  ^  O  « 

r  .M  f  K  V  ^  ^ 

O  «0  lO  <0  o  C 

•  -*  <C  ii  P‘  r>  ,/>  f 

UI  <0  lO  u-  o  C- 


a  4 
<o 
o 


n 

jr  — 

o  >0 


a 

o 

o 

lli 

^  C3 


O  tr  r>.'  a)  cv. 

<t  O  <n  ^ 

*—  O  *N  «*  4  ,f, 

Hi  o  rw  (  t  t 

o  o  < 


*  ♦ 


♦  ♦  ♦ 


uj  e>  4  ^  4)  , 

y  O  «N«  »-t  «r.  , 

-*  o  <\  <  •  <  ^  . 

o  <«  f  c  c 


u>l  o 

a  ?r 


U'  rw  fit  I 

C-'  O  O  U I  I 

u  :«  o  r>  ( 


-- 

.i  -* 

0^0  \j 


rv  tTt 


n  *-» 

»  o  >«  :« 

o 

V  •  S'  n 
t-  Q  t5  4  O' 

Of  .1  >0  •!> 

tv  O  t>  o 


C  Cj  «r. 

«  n  fxj 

<•■  »r  C- 


iiJ  O  ;» 

a  r-  ».  ,«  o 

>•  O'  ^  «N*  O 

*»•  »/  .J  fV.  ix» 

V  r*  rg 

r*  ► 


■  4  tv. 

'  lA  •T' 
•  f\  Aj 


RH-3415 

7-16-59 

-75- 


exampi.es  e  and  F 


EXAMPLE  E 

Example  £  le  oaecntlally  the  aanie  tanker  flight  as  that  covered  In 
Example  0  except  that  a  maximum  tanker  typo  refueling  la  called  for  (air 
Fofuol  type  E),  »dth  the  tanker  offloading  any  amount  above  30,0CX) 
pounds  \d.ll  ho  acceptable  (030000  In  F).  A  "T"  card  has  been  placed 
after  the  end  card.  The  instructions  on  this  card  Indicate  "after  the 
maximum  fuel  6ff  load  has  boon  computod,  etoro  the  numbers  In  the  fuel 
off  load  column  (-0009)  of  tho  lino  carrying  the  point  symbol  RFl  (RFl  in 
point  eymhol  field)  in  • storage  unit  05*," 

EXAMPLE, F 

This  B°471virw  flight  plan  follovn)  tho  somo  general  route  as  Example  D| 
honovor,  tt.-o  foaturoo  havo  boon  added,  A  loi;  altitude  tactics  priority 
ochoito  hno  boon  indicated  (0385  in  tactics  priority  scheme),  and  three 
pro-tnrgot  and  four  post-target  polnto  ore  listed  "over  encinjr  territory" 
uith  thoir  appropriate  aymbole  In  tho  point  oyrabol  column,  Tho  potential 
refueling  point  is  designated  by  tho  insertion  of  RFl  in  tho  point  nymbol 
field.  Ho  roftioling  typo  or  F  need  bo  insortod  because  tho  priority 
Bchom.0  \A.ll  Insert  thlo  designation  if  n  rofuellng  Is  required.  The 
value  of  F  io  to  be  obtolnod  from  ''atorngo  unit  05"  ("T"  card  preceding 
tho  "E"  card,  -0010  05  at  RFl). 
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EXAMPLE  a 

_ - -TKig — f3.4  O— fygnu-I^rtWKmiWUiy- ._. 

taking  a^maxlnvuin  bomber  (B  type)  on  load  near j| Newfoundland,  a  KC-135 

(iOl  in  the  mode  ooltunn  at  RFl)*  another  '•B'*  liype  refueling  from  a  KC~97^ 

jl  ■  '•  \ 

over  north  Spain*  subsequently  cruisiqg  down  fjhe  Mediterranean  to  Turkey 
with  a  subsequent  return  to  Tanejon*  Spain,  liho  -0021  type  "T"  card  is 

used  hers  to  Illustrate  the  "break  point"  technique.  The  question  being 

» 

asked  here  is:  "How  for  down  the  MediterraneWi  can  this  aircraft  go 
still  returning  to  To^^ejon?** 
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EXAHPLE  H 

C£vtif  woi  ♦.-’4»nQ  At-t  4  awf  4  A4a.4’  A-  _  Wa 

•  •-oa* vA|r«aw'  -w^aiw*  v«a  vwtM-w  ^  ««<  w^tww  •»»*  w*  ar^V  aa^^aatiut  waf  Att\«AUCkW  UtlV 

"free  orbit  point")*  Uae  o£  degradation  factor  06.2  per  cent  ia  Indicated 
aa  desired  all  the  way. 

ETA  at  (RFl)  transfer  to  atorage  is  Indicated. 
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EXAUPLE  I 

Example  1  ie  a  flight  plan  for  a  KC-97  from  Goose  Bay  to  refuel  the 


bomber  In  Example  H>  Storage  to  ETA  la  indicated  so  tanker  takeoff  can 
be  calculated’. 
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KXAMPLE  J 

In  this  sass  the  flight  plan  la  starteu  **in  ndd-fllght”  with  the 
firot  point  fuel  load  being  opecifled.  The  "break  point"  technique  le 
used  ("T"  sard  -0021)  and  a  10,000  pound  off  load  la  Indicated  at  an 
impossibly  remote  "break  point."  Tho  tvlnd  components  to  bo  uaod  on  the 
second  leg  are  input □  by  tho  user. 
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EXAtlPU--  K 

Thlo  is  an  illustration  of  tho  "dovlatlon  tjmo”  toc)inlquo>  ("T" 
card  -0020)  KotOJ  Thin  technlquo  can  only  he  uaod  In  forwoi'd  motion 
calculations  ("F"  in  nir  rofuol  typo  column  on  last  point).  Tho  quostlons 
boro  nrot  "Olvon  a  B-47  loavlnR  Pinacnotlo  at  *00300  onrouto  to 
Lnkonhenthj  at  ivimt  point  vdll  lie  turn  if  ordered  to  "dovlatV’  to 
Koflavik  at  *00929?"  "How  much  fuel  will  ho  have  aboard  upon  arrlvol 
ot  Koflavik?" 
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